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ABSTRACT

An arrangement of suction slots was installed in the Naval

Postgraduate School's subsonic cascade wind tunnel. The aim

was to improve flow two-dimensionality to enable flow

separation of the installed controlled-diffusion blades at

high incidence. The slots were located 17.25 inches upstream

of the test section. Pressure and laser Doppler velocimetry

measurements were made, for a Reynolds number of 711000 and an

inlet flow angle of 44.40, upstream and downstream of the test

section to determine the effects of varying suction. The set

of baseline inlet flow field measurements was to be used for

comparison purposes in future tunnel modifications. The

results showed that the tunnel endwall boundary layers were

asymmetric for the baseline configuration. Uniform suction

was not achieved in both the pitchwise and spanwise

directions. However, the axial velocity ratio was reduced by

1.9% and the blade loading increased slightly with increased

suction. Accesion For
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I. INTRODUCTION

A. BACKGROUND

Cascade experimentation continues to supply designers of

axial flow turbo-machines with useful data. Frequently the

objective of the measurements is to obtain two-dimensional

flow around a particular blade shape since blading design is

still carried out along quasi-three-dimensional or two-

dimensional stream tubes. Therefore, the two-dimensionality

of the flow within the cascade is important.

Flow two-dimensionality in compressor cascade experiments

has received considerable attention. The degree of two-

dimensionality has generally been determined by measuring the

axial velocity density ratio (AVDR) ,or axial velocity ratio

(AVR) for incompressible flow, across the blade row. There is

experimental evidence showing that the AVR and aspect ratio of

a cascade are important parameters in affecting flow

deviation, losses and pressure distribution, i.e., stall

point, of test blades [Ref. 1].

If a cascade has parallel solid end walls, the

displacement effect of the endwall boundary layers causes a

convergence of the stream-tube through the cascade. This will

have two effects on the midspan boundary layers: first, the

convergence alters the blade loading and thus the freestream
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pressure field applied to the surface boundary layers;

secondly, the spanwise convergence of the blade surface flow

causes a thickening of the midspan boundary layer [Ref. 21.

Therefore, for a cascade with an aspect ratio less than three,

provisions for end wall boundary layer removal should be

incorporated. This can take two forms, first, provisions

should be made for a porous wall or slots upstream of the

blade row and, or, secondly, a porous wall within the blade

row. For either compressor or turbine cascades, careful

removal of the upstream endwall boundary layer will improve

the two-dimensionality of the flow [Ref.31.

B. CASCADE MODIFICATION EXAMPLES

The work of some researchers to modify existing cascades

is well documented in References 2, 4, 5 and 6. Reference 2

presents measurements for a large scale turbine cascade in

which an aLrangement of end-plates was incorporated to improve

the two-dimensionality of the midspan flow. The endwall

boundary layers were removed through slots located in the

inlet section. Since the slots were a considerable distance

ahead of the test section, the boundary layer grew to

approximately 15mm by the time it reached the test section.

Therefore, endwall slots were installed within the test

section to further remove the boundary layer, resulting in the

effective control of the AVR.
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The effect of endwall suction on the flow in two-

dimensional wind tunnels is examined in [Ref. 41. The model

that was used involved a flat plate airfoil in a tunnel with

a suction window shaped to permit an analytic solution. The

solution showed that the lift coefficient depended explicitly

on the porosity parameter of the suction window and implicitly

on the suction pressure differential.

Boundary layer control for a seven blade compressor

cascade is described in [Ref.51. In this study, a suction

slot was placed ahead of the test section to allow optical

access for laser-Doppler velocimetry measurements (LDV). The

system required strong suction and a complex baffling system

within the suction slot. Six suction ducts were located at a

half blade spacing on either side of the blades. Each

individual duct had a separate baffle control and was adjusted

by changing the baffle position while examining the outlet

flow. Presumably the control of the endwall suction

distribution controlled the size of the endwall boundary layer

at its intersection with the blade leading edge, thus

controlling the origin of the corner disturbances. The AVDR

was determined by averaging the local axial velocity ratio

over three blade passages centered at the minimum velocity

ratio point of the center blade wake. The average AVDR was

found to be 1.0 with a day-to-day variation of ±3%.

3



The boundary layer control used in Reference 6 on a large

scale compressor cascade having 7 blades consisted of three

techniques. First, an endwall boundary layer suction scoop

was placed ahead of the test section. This scoop was

instrumented with static pressure taps to ensure the boundary

layer was removed without contracting or diffusing the inlet

flow. Secondly, an upper and lower bleed passage was used at

the side walls between blade 1 and 7. Thirdly, corner suction

was applied on each test blade to eliminate secondary flow

caused by the corner disturbance.

C. PRIOR CONTROLLED DIFFUSION (CD) BLADE TESTS

Previous experiments at the Naval Postgraduate School

Turbopropulsion Laboratory's Cascade Tunnel, using 20 CD

blades designed by Sanger [Ref. 71, have not produced stall of

the blade profile at high inlet flow angles. This is possibly

due to the effects of three-dimensional flow in the endwall

region of the cascade. Dreon, [Ref.81, performed wake

measurements and blade surface pressure measurements at air

inlet angles of 40.30 and 43.40. The AVDR for these tunnel

settings was 1.062 and 1.042 respectively. The measured blade

surface pressures gave no evidence of flow separation.

Extensive LDV experiments by Elazar, [Ref. 9], were

performed at inlet angles of 400, 43.40, and 460 which alsr

did not show any flow separation on the suction surface.

Five-hole pneumatic probe measurements were performed by

4



Classick (Ref.10I for an inlet flow angle of 480. These

measurements gave an AVDR of 1.108 and no flow separation

occurred at this high incidence. More recently, Hobson and

Shreeve [Ref. il], performed detailed measurements at an inlet

flow angle of 480. Their results showed a steady pressure

increase on the suction surface with no separation. However,

the pressure gradient leveled off at the trailing edge,

suggesting, possibly, the approach of flow separation.

D. PURPOSE

The present aim was to improve the two-dimensionality of

the flow in the cascade using inlet boundary layer suction in

order to allow an investigation of the onset of stall in the

present installed CD blades at higher incidence angles. The

effect of endwall suction was determined with probe and LDV

measurements, with slots installed 17.25 inches ahead of the

test section.

5



II. TEST FACILITY, INSTRUMENTATION AND INITIAL SETUP

A. CASCADE BASE LINE CONFIGURATION

A schematic diagram of the Rectilinear Subsonic Cascade

Wind Tunnel facility is shown in Figure 1. A detailed

description of its design and operation is found in an earlier

thesis [Ref. 12]. Flow inlet conditions were investigated in

detail by McGuire [Ref. 13]. Since that time, the inlet guide

vanes were replaced with a new row of 60 blades. The design

is given in Appendix D. The tunnel contained 20 CD blades

with a chord of 5.01 inches and span cf 10 inches. The blade

spacing was set at 3 inches for a solidity of 1.67 and the

setting angle was 14.10. Blades 7 and 8, located at 20 to 23

inches pitch, were used for all LDV, AVR and boundary layer

displacement thickness measurements. The instrumented blade

was located at mid-pitch, 30 inches from the east sidewall.

B. WIND TUNNEL MODIFICATION

The ability to perform boundary layer control on the

cascade endwalls was incorporated into the original design.

Two manifolds with access to a blower were located on each

endwall 17.25 inches ahead of the test section. The manifolds

were equipped with blank-off plates for the base line tests.

The present modifications to the cascade included the

installation of suction slots and connections to a blower.

6
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1. SUCTION SLOT.

Flush mounteq adjustable width slots were installed

into the endwall manifolds. Figure 2 shows a top-down

schematic of the tunnel suction configuration. A cross

section of the slot, baffle and manifold arrangement is found

in Figure 3. Each slot was comprised of two flat pieces of

stock aluminum with a 5/8 inch radius machined on one edge.

The pieces were attached together with machined cross-members

that allowed for the variation of the slot height. A detailed

drawing is found in Appendix D.

The endwall manifolds were each 120 inches and the

test section was 60 inches. Since the inlet flow angle was

set to 44.40, the test section was not centered on the suction

slots. Initial tests with the suction slot in the full open

position showed that there was strong suction at the sidewall

extremities but none at mid-pitch. Because of this, the slot

was arbitrarily narrowed to one inch. Further testing showed

that the suction improved in strength, however, the non-

uniformity in the pitchwise direction remained. A porous

baffle was attached to the backside of the slot to try and

alleviate this problem. A detailed drawing of the baffle is

found in Appendix D. In order to monitor the amount of

suction applied across the manifold, eleven taps were drilled

into the base of the manifold of which nine were attached t.

a water manometer. The nine pressure taps were centered on

8
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the inlet to the test section. A dimensioned cross section is

given in Appendix D. Figure 4 shows the end of the slot

outside the tunnel which was taped over for the tests.

2. BLOWER CONFIGURATION

A 30 horsepower Allis Chalmers electric motor driven

centrifugal blower was placed behind the south wall of the

wind tunnel. A photograph of the blower configuration is

given in Figure 5. The blower inlet was connected to a

cylindrical plenum having 6 hook-ups, three at a third of the

length and three at the end. The blower plenum was connected

to the tunnel by mounting four gate valves to each end of the

tunnel manifolds and running flex tubing from the valves to

the blower plenum. The gate valves allowed the amount of

suction to be varied within the manifolds. The two unused

attachments of the blower plenum were capped.

C. INSTRUMENTATION

1. RAKE PROBE AND TRAVERSE

A ten inch rake probe was designed to take detailed

pressure distribution measurements across the span of the test

section with a finer resolution at each end to better record

the size of the endwall boundary layer. The probe assembly

contained 20 individual probes, of which 17 were total

pressure ports, numbered from the north endwall. The two

central probes, (numbers 10 and 11), formed a yaw probe

located at the midspan with a static pressure port,

11
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(numbered 9), one inch of f midspan. A detailed drawing of the

probe is found in Appendix D. Figure 6 shows a plan-view

schematic of the probe.

The rake probe was calibrated in the free jet located

at the Turbopropulsion Laboratory. This was done by

subjecting the probe to three different levels of dynamic

pressure and varying the angle of incidence to obtain a

calibration curve for the yaw probe. It was noticed that the

static pressure port was subject to probe interference.

Therefore, a correction factor was calculated to account for

this difference. The calibration data and curves are given in

Appendix C.

The rake probe was traversed both upstream and

downstream of the test section. This was accomplished by

mounting it to a traverse assembly which in turn was mounted

to the side of the south wall of the tunnel, as seen in Figure

1. The traverse was equipped with a geared counter used to

measure the distance. Figure 7 shows the rake probe mounted

to the upper traverse. It also shows the relative position of

the suction manifold to the test section, upstream, downstream

and manifold pressure taps.

2. LDV SYSTEM

The two component LDV system used for the base line

tunnel configuration is described in detail by Murray

[Ref.14].

14
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For the modified tunnel tests, a different LDV system

was used to measure the flow under the influence of high

suction. The new system used a similar laser light source,

however, the rest of the optical system was primarily fiber

optics. A complete description of the system is given by

Dober. [Ref. 153 Figure 8 shows the test passage bounded by

blade numbers 7 and 8 as seen through the optical window.

Coordinates for each survey station are also given.

3. INSTRUMENTED CD BLADE

Blade pressure measurements were taken with a fully

instrumented blade, located at mid-pitch, that contained 39

static pressure taps, 19 on each surface and one at the

leading edge. Figure 9 shows the tap locations.

4. STATIC PRESSURES

Endwall static pressure measurements for both the

north and south walls, upstream and downstream as shown in

Figure 1, were measured with two banks of water manometers.

The manometers were also used to monitor the pressures at the

suction manifolds, gate valves, as shown in Figures 2 and 3,

and plenum and Prandtl total pressures. ( A Prandtl probe was

used to monitor inlet dynamic pressure near to blade 15 ).

Each manometer consisted of 50 tubes and the arrangement of

pressure taps for each is given in Figures 10 ind 11.
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D. DATA ACQUISITION

1. HARDWARE

The data acquisition system consisted of two 48

channel scanivalves that were connected through an interface

to a Hewlett Packard Data Acquisition System (HP-3052). The

scanivalves were controlled by the HG-78k controller and is

discussed in detail by Classick [Ref. 10]. A Hewlett Packard

900 series 300 computer controlled the system. Scanivalve 0

was connected to the instrumented blade along with the plenum

pressure. Scanivalve 1 was connected to the rake probe as

well as the plenum and Prandtl pressures.

2. SOFTWARE

Two data acquisition programs were used to record the

various tunnel pressures. The program ACQUIRE written by

Classick [Ref. 10] was used to take the instrumented blade

measurements. The program ACQUIRE4 was a fourth adaptation to

the same program and its basic function was to obtain the

spanwise rake pressure distribution at various pitchwise

locations. In post-processing, the program produced a

spanwise CP plot and finally plotted a C, surface distribution

of the test section flow field. The program is fully

described in Reference 15. The fourth modification consisted

of adding equations to the program to calculate air flow

angle, total velocity and axial velocity.

22



III. EXPERIMENTAL PROCEDURE

A. BASE LINE CONFIGURATION

The procedure used to adjust the inlet flow angle of the

cascade using the LDV system is well documented by Murray

[Ref. 14]. Using this procedure, the inlet flow angle was

measured to be 44.40 with the sidewalls set at 43.40 and inlet

guide vane position at 50mm. LDV measurements were taken at

stations 1, 2, 7, 15 and 18 to compare with earlier data [Ref.

9] and to produce a basis for later comparison with results

with endwall suction. The plenum pressure was maintained at

12.0 inches of water with a deviation of ±0.1 inches.

Inlet surveys were taken by mounting the rake probe to the

upstream traverse position, as shown in Figure 1, and

traversing the entire pitch-wise distance referenced from the

east sidewall. Appendix A. contains the data taken at each

location.

The AVR was obtained by surveying across one blade passage

starting at 20 inches and terminating at 23 inches in 1 in.

increments. This was done at both upstream and downstream

locations.

B. SUCTION PROCEDURE

Three levels of suction were used to compare with the base

line configuration. The levels were measured by the static

23



pressure taps located at the gate valves at each end of the

suction manifolds. The blower was always operated at full

speed with its downstream throttle valve in the full open

position. When the blower was turned on, the plenum pressure

dropped as much as one inch of water in the case of high

suction. Therefore, the Prandtl total pressure was used as

Pref for all suction tests. This was kept at 10.5 inches of

water, the same as the base line tests.

The procedure to set up suction was as follows: (a) start

the tunnel and stabilize at 10.5 inches of total pressure on

the Prandtl probe. (b) Fully open the gate valves and switch

on the blower. (c) Close the valves to obtain equal and

stable static pressure at the valves. (d) Adjust the plenum

back to 10.5 inches on the Prandtl probe. All four valve

static pressures measured -32.0 inches of water for high

suction, -20.0 inches for medium suction and -10.0 inches for

low suction. The maximum deviation allowed was .5 inches of

water for any of the valves. Polaroid photographs were taken

of the manometers for documentation purposes at each suction

level. Example photographs are given in Appendix A.

The same measurements were taken for suction as for the

base line. The instrumented blade measurements were taken

only with suction. The LDV measurements were taken only at

the inlet and outlet planes and referenced with respect to the

Prandtl total pressure, ambient pressure and plenum pressure

to calculate VREF as described by Elazar [Ref. 9].
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IV. RESULTS AND DISCUSSION

All data and equations for the graphs given in this

chapter are found in Appendices A and B respectively.

A. INLET SURVEYS

Inlet carpet plots are seen in Figures 12 through 15.

These show that the inlet core flow uniformity is the same for

the base line and at all levr-'s o. suction. Figure 12 is the

full survey for the base line - nfiguration. Figure 13 is for

low suction, and shows the endwall boundary layers are being

removed at the east and west ends of the test section with the

minimum reduction at the mid-pitch location. Figures 14 and

15 are for medium and high suction respectively and show the

same trend, giving the first indication of non-uniform suction

in the pitchwise direction.

Plots for the spanwise pressure distribution are shown in

Figures 16 through 20 for different pitch locations. These

locations were chosen as a result of the carpet plots and the

locations chosen for displacement thickness and AVR

calculations. Figure 16, at 11.8 in. pitch, shows the

increased boundary layer removal for increased suction at both

end walls. However, the north wall boundary layer was not

reduced to the same degree as the south wall. The base line

showed the north wall boundary layer was thicker than that on
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the south wall. This characteristic is seen in all the plots.

In Figure 17, at 20 inches, the core flow is seen to have been

shifted towards the south wall and the boundary layer to have

thickened at the north wall from an initial displacement

thickness of 0.133 inches to 0.146 inches. This happened only

at the 20 inch pitch location. Furthermore, the removal of

the boundary layer is seen to decrease moving towards mid-

pitch. Figures 18 and 19 show reduced effects to the boundary

layer which was also shown in the carpet plots. At the west

end of the test section, Figure 20 shows the boundary layer

removal again has a noticeable effect.

The displacement thickness was calculated for each level

of suction and is shown in Figure 21. The value plotted is

the average obtained over three inches from 20 to 23 inches in

pitch. The north wall displacement thickness was reduced

0.0255 inches, (13%), from 0.1964 inches to 0.1709 inches.

The south wall was decreased by .0591 inches, (39.5%), from

0.1497 inches to 0.0906 inches. The asymmetry of the inlet

boundary layer displacement thickness is also seen as

characteristic of the tunnel base line configuration. For the

base line, there was a difference between the endwalls of

0.0467 in. and this increased to 0.0803 at high suction.

Thus, there was a spanwise asymmetry of the boundary layer

removal.

After viewing these data, it was evident that equalizing

the gate valve pressures might not have been the best method
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of adjusting the suction. An additional test was conducted,

but this time the manifold pressures were balanced with each

other. This was accomplished by opening the north manifold

valves fully and closing the south manifold valves to the

medium suction level. This yielded a north endwall

displacement thickness of 0.1767 inches and a south endwall

displacement thickness of 0.1038 inches. The difference

between these is 0.0729 inches, a 0.0074 inch reduction in the

endwall boundary layer thickness difference.

Further illustration of the non-uniformity in the suction

is seen in Figures 22 through 24. These show the suction

manifold static pressures at their pitch locations for each

level of suction. Figure 22 shows the manifold pressures were

well below the endwall static pressures at the east end of the

test section. This is the region where suction showed the

most benefit, as seen in Figure 16. It also shows that the

pressure differential between manifolds was at a minimum. In

the mid-pitch region, the manifold pressure was above the

endwall static pressures. This was the region where suction

showed the least effect, as seen in Figure 19. The pressure

differential between the manifolds is seen also to have

increased. In the west end of the test section, the manifold

pressures drop below the endwall static pressures but not to

the same degree as the east end. This region showed effects

of boundary layer removal as seen in Figure 20. The pressure

differential between the manifolds also reached a maximum in
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this region. The effect of increased suction, shown in

Figures 23 and 24, shifted the manifold pressures down, until

at high suction the mid-pitch minimum equalled the endwall

static pressures. The endwall static pressures remained

unchanged for all levels of suction. It is still unclear as to

the relationship between the end wall and the manifold static

pressures. It is noted that the boundary layer did not

thicken at mid-pitch locations as it would if there were

blowing in the region where the end wall static pressures were

lower than the manifold, for low and medium suction levels.

B. AVR

The effect of suction on the AVR is shown in Figure 25.

The were obtained over the three inch passage from 20 to 23

inches pitch. The base line AVR was computed to be equal to

1.071 and was reduced to 1.052 at the highest level of

suction. The reduction of the AVR was expected, however, -his

value is not expected to be independent of pitch location due

to non-uniformity in suction.

C. INSTRUMENTED BLADE

Figures 26 through 28 show the midspan pressure

distribution on the instrumented blade with increasing

suction. The pressures were non-dimensionalized with respect

to the Prandtl dynamic pressure. It is seen that blade

loading increased with increased suction. However, it was
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inconclusive whether boundary layer removal was responsible

since the blade was located at mid-pitch. The yaw probe data

for each suction level showed that the increased blade loading

may be a result of increased inlet flow angle. In the region

of the instrumented blade, the average flow angle measured for

low suction was 44.020 and this increased to an average of

44.590 at high suction. It is important to note however, that

the average inlet flow angle remained relatively constant

across the pitch and all deviations were within the

uncertainty in the yaw probe measurement.

D. LDV SURVEYS

Inlet and outlet flow measurements were mac1e with the LDV

system for comparison between base line and high suction. The

inlet flow is seen in Figures 29 through 31. Figure 29 shows

a slight reduction occurred in the inlet velocity and Figure

30 shows a half a degree reduction occurred in the inlet flow

angle. This conflicts with the rake yaw probe measurements

for the change in flow angle, therefore, the cause of the

change in blade surface pressure distribution remains

inconclusive. Outlet flow velocity profiles seen in Figure 31

show that the point of maximum deficit was shifted, thus the

blade wake was displaced as a result of applying suction.
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IV. CONCLUSIONS ANL RECOMMENDATIONS

Boundary layer suction was performed 17.25 inches axially

ahead of the test section in an effort to improve the t•:o-

dimensionality of the inlet flow. The conclusions resulting

from these tests are as follows:

1. The base line configuration of the cascade now has a
detailed set of data for the inlet flow boundary layers
which can be used as the bench mark for future boundary
layer removal tests.

2. The base line configuration has an inherent asymmetry in
its endwall boundary layer thicknesses.

3. Carpet plots of rake probe surveys showed maximum
suction at the east and west extremities of the test section
and a minimum at mid-pitch.

4. The suction configuration and procedure used for these
tests produced asymmetrical boundary layer removal in the
spanwise direction.

5. There was a reduction in the displacement thickness on
both endwalls for all levels of suction. However, the
amount of displacement thickness reduction decreased with
increased suction.

6. The AVR was reduced 1.9% across the passage of blades 7
and 8 from 1.071 to 1.052. For the flow to be considered
acceptably two-dimensional, it would have had to be reduced
to 1.03 or lower.

7. Endwall balanced manifold pressures did not yield
symmetrical boundary layer suction and reduced south endwall
suction did not increase the north endwall suction.

The present experiments were a first attempt at performing

suction in the present cascade facility. Recommendations for

the program to follow include:

1. Investigate the effect of varying the slot width.
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2. Make provisions for the addition of another feed pipe to
the suction plenum at the mid-pitch location of the
manifold.

3. Section the manifold into separate chambers to enable
better control of the pitchwise and spanwise suction levels.

4. Place an instrumented orifice at each gate valve to
monitor the mass flow rate.

5. Perform tests on the blower to determine the optimum in
its mass flow rate vs. pressure ratio characteristic.

6. Investigate the cause of the base line cascade's
asymmetric endwall boundary layers.

7. Consider other methods for boundary layer removal,
including the use of a porous plate with the present tunnel
wall hardware, or, more extensively, rebuilding the tunnel
walls to allow suction within the blade passages.
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APPENDIX A. RECORDED DATA

This Appendix contains the following:

1. All rake probe data.

2. Instrumented blade data.

3. Manometer data.

4. LDV data.

Al. RAKE PROBE DATA

All rake probe data presented in this appendix was used

for the computation of AVR, displacement thickness, spanwise

pressure distribution and carpet plots. It is given in the

order of the experimental procedure.
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BASE LINE CONFIGURATION
UP STREAM LOCATION

PITCH 0 2.36 4.72 7.08 9.44 11.8 14.16

PROBE Cp
PORT

1 -. 7808 -. 0514 .1706 .2995 .4223 .1291 .1851

2 -. 4715 -. 0116 .2758 .3824 .5617 .2214 .3081

3 -. 1837 .064 .4312 .5543 .7183 .3893 .4704

4 .4905 .1587 .5516 .803 .7738 .5304 .6244

5 .7262 .4899 .6617 .7303 .8214 .7908 .8364

6 .8556 .7777 .7818 .8357 .9203 .9142 .9396

7 .749 .8921 .9397 .9602 .9758 .979 .9651

8 .8977 .9214 .972 .9833 .9874 .9891 1

12 1 1 .9946 .9867 .9894 1 .9751

13 .7708 .978 1 .9974 .9998 .993 .9827

14 .4892 .947 .9962 1 1 .979 .9764

15 .6679 .9591 .9928 .994 .9953 .9724 .9697

16 .5538 .879 .9081 .9663 .9489 .9362 .9254

17 .2024 .6425 .5544 .8307 .7494 .8244 .7416

18 .0262 .428 .3012 .5899 .5265 .6744 .4767

19 -. 0443 .2782 .1374 .3912 .3918 .4553 .3432

20 -. 1924 .1686 .0615 .2619 .2396 .3315 .2087

PITCH ) 16.52 18.88 21.24 23.6 26 17 19.36

PROBE
PORT 10 .34

1 .2276 .3383 .2714 .2231 .2152 .3107 .3847

2 .3558 .4611 .3889 .324 .3739 .4385 .5457

3 .5272 .6017 .5337 .5026 .4826 .6031 .6503

4 .6256 .6568 .6693 .6447 .6835 .675 .7334

5 .8036 .7651 .751 .7867 .8402 .7528 .7978

6 .8691 .8498 .8558 .8866 .9497 .8427 .9056

7 .8997 .9066 .969 .9928 .9978 .9174 .9614

8 1 1 .9842 .9959 1 .9921 .9853

12 .9851 .9592 .9818 .9669 .9863 1 .9808

13 .9824 .9692 .9813 .9702 .9941 .9966 .9839

14 .9758 .9766 .9998 .9862 .9965 .9916 1

15 .9605 .974 1 1 .9867 .9709 .9916

16 .8755 .8838 .9485 .9698 .9473 .8965 .9455

17 .7387 .6077 .8174 .8517 .8964 .6872 .6202

18 .619 .3472 .5588 .5346 .718 .S638 .3622

19 .4818 .1823 .3586 .3659 .454 .3837 .2423

20 .319 .077 .202 .2279 .3157 .2848 .17
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CONTINUED
BASE LINE CONFIGURATION RAKE DATA
FULL TRAVERSEUP STREAM LOCATION

PITCH ) 21.72 24.08 26.44 28.8 31.16 33.52 35.88
PROBE
PORT

1 .1792 .1574 .291 .2957 .3093 .0758 .246
2 .3126 .3183 .3989 .4273 .4358 .2476 .3531
3 .4547 .4646 .5975 .5698 .5696 .4341 .5084
4 .6244 .6356 .6935 .7018 .6948 .661 .6792
5 .7599 .8184 .8757 .8431 .8042 .8081 .8686
6 .9014 .924 .9319 .8772 .8538 .8721 .9571
7 .9761 1 .9868 .9078 .9077 .9759 .9915
8 .9841 .9895 1 1 1 .9937 .9942

12 .9508 .9738 .9637 .9795 .9696 .9885 .9931
13 .9854 .9878 .9646 .9709 .9645 .9971 1
14 1 .9849 .9495 .9506 .9575 1 .9933
15 .9881 .9973 .915 .8964 .9354 .999 .9871
16 .9615 .9639 .8887 .8417 .8726 .9515 .9406
17 .8699 .8277 .8662 .6103 .711 .7604 .8304
i1 .654 .6333 .7455 .398 .5655 .4952 .6519
19 .452 .4319 .5251 .2997 .365 .3127 .4637
20 .2912 .2813 .357 .167 .211 .2264 .2904

PITCH ) 38.24 40.6 43 34.4 36.74 39.1 41.45
PROBE
PORT

1 .3627 .2666 .2161 .3336 .2473 .3959 .2175
2 .4811 .3686 .3638 .4632 .3553 .5435 .2983
3 .6522 .5736 .5257 .6099 .5098 .7311 .4698
4 .7146 .6624 .6614 .7012 .6897 .7885 .6954
5 .8567 .809 .7605 .8421 .8442 .8646 .8476
6 .9517 .8643 .8521 .9211 .8895 .9312 .9738
7 .9833 .9082 .95 .9378 .8964 .959 .9944
8 1 1 1 1 1 .9743 .991

12 .984 .9915 .9888 .982 .9791 1 1
13 .9836 .987 .9837 .9772 .9733 .9926 1
14 .9799 .9798 .9917 .9749 .9672 .9804 .999
15 .9539 .965 .9883 .9569 .9582 .9693 .9854
16 .8827 .91678 .946 .8948 .9113 .9088 .9366
17 .7556 .7944 .766 .7461 .7215 .7126 .8357
18 .5948 .5852 .5092 .4953 .5007 .4659 .5981
19 .4179 .421 .324 .3043 .3256 .292 .4183
20 .2341 .2824 .2077 .1896 .1985 .1829 .2675
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CONTINUED
BASE LINE CONFIGURATION RAKE DATA
FULL TRAVERSE UP SIREAN LOCATION

PITCH ) 43.81. 46.18 48.54 50.9 53.3 55.61 57.98
PROBE
PORT

1 .2597 .2525 .1948 .1603 .244 .2144 .0667

2 .4014 .348 .3143 .2694 .3696 .3573 .1482
3 .5492 .5165 .4697 .4571 .5444 .4?95 .2162
4 .7077 .6835 .6996 .6493 .6996 .6891 .4277
5 .8646 .8301 .8334 .8232 .8892 .8485 .8188
6 .9641 .9073 .9059 .9299 .977 .9299 .9273
7 .9865 .9242 .95 .9955 .9988 .9547 .988
8 1 1 .9994 .9922 .9923 1 .9868

12 .9899 .9693 1 .9942 .9898 .9801 1
13 .9891 .9733 .9882 .9996 .9942 .9885 .9931
14 .9952 .9597 .9697 1 1 .9775 .9943
15 .q838 .9426 .9679 .9972 .9952 .9455 .9689
16 .9388 .8746 .9393 .9396 .9341 .8962 .873
17 .8286 .7017 .8172 .8125 .7464 .7617 .6863
18 .5833 .4981 .608 .6003 .5084 .5538 .4739

19 .4001 .3158 .4 .3965 .3512 .3667 .3377

20 .2567 .2045 .2782 .2321 .2119 .2207 .196

PITCH ) 57.98 60.38
PROBE
PORT

1 .0667 -. 72
2 .1482 -. 4612
3 .2162 -. 0524

4 .4277 .3904
s .8188 .6025
6 .9273 .5396
7 .988 .5345
a .9868 .9189

12 1 .8736
13 .9931 .806
14 .9943 .8088
15 .9689 .9614
16 .873 1
17 .6863 .6
18 .4739 .2896
19 .3377 .2078
20 .196 .126
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BASE LINE CONFIGURATION RAKE D)ATA
UP STREAM LOCATION 20 TO 23 INCHES

PITCH > 20 20.25 20.5 20.75 21 21.25 21.5
PROBE Cp
PORT

1 .3835 .2685 .2171 .2379 .2858 .3487 .3559
2 .4183 .3076 .2875 .3237 .4205 .4512 .457
3 .5804 .4887 .4341 .4586 .5668 .5995 .5776
4 .7522 .6952 .6303 .6211 .6482 .677 .686
5 .9166 .903 .8441 .781 .7452 .7443 .7587
6 .9769 .96 .907 .8692 .8633 .8726 .8848
7 .9842 .9845 .9701 .9552 .9539 .9727 .9765
8 .9861 1 1 .9863 .9847 .9844 .991

12 .9801 .9786 .9581 .9475 .9777 .9953 .9728
13 1 .9836 .9655 .9668 .9836 .9889 .991
14 .9945 .9987 1 1 1 1 1
15 .9957 .9996 .9825 .981 .9946 .9917 .9869
16 .9688 .952 .9253 .9114 .9279 .9516 .9635
17 .6643 .701 .705 .6828 .7277 .7695 .882
18 .4289 .4772 .441 .3947 .4341 .5473 .6227
19 .3111 .2927 .261 .2024 .2146 .32 .385
20 .2046 .2041 .1486 .0962 .1266 .1702 .2787

PITCH > 21.75 22 22.25 22.5 22.75 23
PROBE
PORT

1 .3086 .2563 .2454 .2426 .3245 .3559
2 .384 .3085 .3186 .3504 .419 .4377
3 .5275 .4977 .4621 .4757 .5515 .5749
4 .6525 .6652 .6447 .6291 .6573 .6787
5 .8027 .8463 .8665 .8531 .8129 .7813
6 .925 .9527 .9142 .9241 .8967 .8594
7 .988 .9864 .9459 .9631 .9461 .9463
8 .9944 .9955 1 1 1 .9845

12 .9751 .9783 .9687 .9542 .9524 .9611
13 .9872 .9938 .9763 .9188 .9206 .9257
14 .9996 1 .987 .9735 .9919 1
15 1 .989 .9868 .9682 .9827 .9839
16 .9711 .9729 .9542 .9312 .9003 .8988
17 .8708 .8445 .8185 .7534 .7186 .7
18 .6497 .6603 .6358 .5635 .5152 .4645
19 .4346 .4208 .4061 .3873 .3323 .3065
20 .2659 .2664 .2706 .2257 .2086 .1721

56



BASE LINE CONFIGURArION RAKE DATA

DOWN STREAM LOCATION 20 TO 23 INCHES

PITCH ) 20 20.25 20.5 20.75 21 21.25 21.5

PROBE cp
PORT

1 .4517 .4278 .4504 .479 .518 .4991 .39

2 .5918 .5617 .5932 .6387 .6441 .6143 .4598

3 .7261 .7118 .716 .7373 .7327 .6747 .5099

4 .6498 .6825 .722 .7743 .7841 .7234 .5977

5 .5897 .5253 .6078 .6994 .8112 .8726 .8461

6 .6082 .5341 .5837 .683 .82 .9022 .9202

7 .5617 .563 .6353 .7658 .8407 .9?43 .9552

8 .7085 .8569 .9488 .9961 1 1 1

12 1 1 1 1 .9735 .9765 .9659

13 .742 .8661 .9217 .9742 .9769 .9875 .974

14 .5602 .5278 .5714 .6562 .7611 .8842 .9605

15 .6936 .5722 .5542 .5645 .6508 .7861 .9315

16 .601 .5055 .5266 .5687 .6641 .7998 .9234

17 .586 .5801 .6374 .7105 .7944 e359 .781

18 .7175 .7171 .7516 .7914 .8304 .835 .7311

19 .7466 .7551 .7929 .8311 .8537 .8283 .701

20 .6834 .7163 .7652 .8051 .8247 .7956 .7016

PITCH ) 21.75 22 22.25 22.5 22.75 23

PROBE
PORT

1 .289 .2882 .3951 .4808 .4503 .4339

2 .3539 .3663 .4627 .5544 .5808 .5256

3 .4164 .4658 .6005 .7268 .7132 .6691

4 .4716 .4817 .5431 .6113 .6447 .6121

5 .8072 .7398 .7023 .7217 .6357 .5066

6 .9296 .9225 .9294 .9551 .7912 .5885

7 .9466 .8933 .82 .7P55 .6483 .5337

8 1 .9533 .838 .7871 .6576 .6183

12 .9633 .8478 .7158 .8076 1 1

13 .9916 .9221 .7842 .7755 .7734 .8448

L4 .9988 .9555 .8707 .8081 .6335 .5284

15 .9922 1 1 1 .8214 .6016

16 .9685 .9694 .9285 .9248 .7635 .5615

17 .6821 .5733 .5979 .6491 .5889 .5351

18 .6152 .5322 .6194 .7075 .7407 .6854

19 .5902 .4865 .5893 .6923 .7535 .6951

20 .5738 .4376 .5184 .6479 .702 .6782
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LOW SUCTION RAKE DATA
FULL TRAVERSE UP STREAM LOCATION

PITCH 0 2.36 4.72 7.08 9.44 11.8 14.16
PROBE Cp
PORT

1 -. 9632 .3665 .5075 .4171 .5128 .3205 .3328
2 -. 7206 .4172 .6626 .5621 .6475 .4896 .4729
3 -. 4396 .61 .7382 .6987 .7441 .5624 .6122
4 .4427 .6431 .7334 .7689 .7862 .6863 .6775
5 .5687 .6794 .8199 .8337 .8803 .8577 .7897
6 .6648 .7663 .9472 .9656 .961 .966 .6975
7 .5778 .8817 .9831 .9629 .989 .9951 .94
8 .8907 .9447 .9815 .9909 1 1 1

12 1 1 .9936 .8851 .9926 .9943 .9725
13 .683 .9916 1 .9948 .9927 .9974 .968
14 .366 .9712 .9974 .9946 ,9959 .998 .9708
15 .604 .9669 .9968 1 .998 .9919 .9471
16 .6541 .8844 .9089 .9771 .9581 .9006 .9119
17 .3967 .6311 .6522 .9312 .836 .8294 .873
18 .3588 .5114 .5029 .8366 .8007 .7985 .7695
19 .2817 .3573 .3669 .6696 .65 .6854 .5881
20 .1048 .2924 .255 .5266 .4968 .549 .4727

Ptot 5-268 10.226 9.97 10.064 10.206 10,164 10.692
Ppr 10.712 10.632 10.558 10.49 10.588 10.514 10.574
Ppi 12.25 12.174 12.146 12.022 12.1,16 12.042 12.116
Tpl 533.62 534.01 534.38 534.58 534.64 535.11 535.06

RAKE 0 7.834 13.56 13.118 13.118 13.296 13.328 13.63
BETA 44.3 43.11 44.1 43.66 43.62 43.77 43.76

PITCH ) 16.52 18.88 21.24 23.6 26 26.44 28.8
PROBE
PORT

1 .3344 .3863 .3364 .2382 .3081 .3447 .3381
2 .4697 .5532 .4584 .3741 .4319 .4684 .4631
3 .6156 .665 .5686 .5197 .557 .6456 .6089
4 .6752 .694 .664 .655 .7083 .7199 .6942
5 .8052 .7619 .751 .7928 .8551 .8473 .8
6 .8592 .8697 .8847 .9375 .9595 .9036 .8402
7 .8967 .9332 .9785 .9949 994 .9204 .8889
8 1 .9788 .9774 1 1 1 1

12 .7958 1 .9843 .9825 .9957 .994 .9722
13 .9916 .9907 .9921 .9836 .9918 .9835 .9563
14 .9846 .9802 .9998 .9935 .9858 .9331 .9311
15 .9511 .9708 1 .9951 .9518 .9854 .9014
16 .88971 .9348 .9813 .9901 .9243 .864 .8741
17 .7771 .8096 .926 .9439 .8884 .7915 .6916
18 .6879 .6362 .7323 .7654 .837 .7183 .5119
19 .5904 .446 .5363 .6107 .6667 .A846 .3677
20 .4632 .2881 .368 .4862 .5179 .5259 .2689

Ptot 10.67 10.484 10.162 10.152 10.284 10.648 10.948
Ppr 10.552 10.514 10.47 10.47P 10.508 10.519 10.448
PpI 12.07 12.084 12.03 12.02S 12.084 12.076 12.)56
TpI 535.14 535.03 535.15 535.7 535.72 5:35.51 535.67

RAKE 0 13.856 13.944 13.522 13.478 13.72 14.032 14.08
BETA 43.69 43.36 43.71 44.07 44.1 44.05 43.85
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CUNT INUE..
LOW SUCTION RAKE DATA

FULL TRAVERSE UP STREAt.1 LOCATION
PITCH ) 31.16 33.52 35.88 38.24 40.6 43 43.81

PROBE
PORT

1 .3382 .2334 .2066 .26 .2771 .2827 .2640
2 .4722 .3792 .3378 .4001 .3914 .4307 .4351
3 .6251 .4817 .4824 .5218 .5614 .576? .5782
4 .721 .6%2 .6801 .671 .6881 .6825 .6995
5 .8087 .7968 .8718 .8469 .8187 .7506 .8367

6 .8739 .916 .9769 .9423 .8696 .847 .9677
7 .9598 .9854 .9983 .979 .953 .9707 .9991

8 .9847 .9983 1 1 .9978 .9957 1
12 .9992 .9913 .9939 .9829 .9891 .9951 .9881

13 .9959 .9918 .9992 .9885 1 1 .994
14 1 1 .995 .9718 .9928 .9968 .9898

15 .9884 .9996 .9878 .9536 .985 .9951 .9896
16 .9334 .9683 .9401 .8803 .9418 .9762 .9783

17 .7618 .7367 .8293 .7135 .8202 .8425 .9081

18 .5566 .4861 .6611 .50377 .6564 .665 .721
19 .445 .3398 .4719 .3693 .4399 .5177 .5479
20 .3728 .2772 .3977 .2715 .308 .4281 .429

Ptot 10.36 10.542 10.486 10.778 10.798 10.579 10.582
Fpr 10.404 10.548 10.478 10.44 10.464 10.36 10.362

PPl 12.04 12.066 12.038 12.064 12.034 12.014 12.038
Tpl 535.73 535.68 5-".67 535.74 536.02 536.03 536.21

RAKE 0 13.792 13.858 1-j.806 13.892 13.916 13.71 13.584
BETA 44.16 44.61 44.77 44.78 44.96 44.61 44.88

PITCH > 46.18 48.54 50.9 53.3 55.61 57.98 60.38
PROBE
PORT

1 .2967 .3473 .3344 .2809 .3811 .2693 -. 0789

2 .4333 .5092 .4795 .4237 .5413 .4373 .1632

3 .5927 .6297 .5983 .5883 .691 .5192 .5

4 .7168 .7133 .729 .7475 .7605 .7461 .7969

5 .8501 .8144 .8236 .9069 .8578 .8771 .852

6 .9168 .8732 .9285 .9791 .911 .9503 .7443

7 .9405 .9109 .9907 .991 1 .991 .6579

8 1 .9871 .991 .9938 .9977 .9846 .9851

12 .9745 1 .9977 .9955 .9861 1 1

13 .9829 .9912 .992 1 .9932 .9923 .9997
1A .971 .97 1 .9929 .991 .9828 .9037

15 .9411 .9502 .9912 .9929 .9669 .9478 .9957

16 .8915 .9281 .9521 .9563 .9258 .7063 .8858

17 .7762 .7964 .857 .79 .8026 .3335 .6929

18 .6661 .5317 .6885 .6222 .6424 .1599 .5158

19 .5285 .4546 .5136 .4715 .4949 .1303 .3065

20 .3874 .3366 .3837 .3686 .3721 .0819 .1093

Ptot 10.966 10.884 10.486 10.63 10.648 10.916 6.46

Ppr 10.388 10.37 10.358 10.32 10.396 10.384 10.32

Ppi 12.05 12.052 12.064 12.048 12.07 12.094 12.076

Tpl 536.33 536.1 536.06 536.17 536.06 536.09 535.99

RAKE a 13.718 13.968 13.508 13.54 13.384 13.642 9.824

BETA 44.49 44.34 44.71 45.07 45.2 45.52 47.08
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LOW SUCTIO14 SETTING RAKE DATA
UP STREAM LOCAIlON 20 TO 23 INCHIES

PITCH > 20 20.25 20.5 20.75 21 21.25 21.5
PROBE Cp
PORT

1 .2738 .2876 -3022 .3496 -378 .3437 .2989
2 .0036 .4325 .4481 .5005 .5215 .4459 .4052
3 .S485 .5709 .5823 .6275 .6425 .5822 .5597
4 .6843 .6618 .6571 .6734 .6822 .6704 .6686
5 .857 .854 .8202 .7951 .7821 .7759 .7942
6 .9465 .9265 .9006 .8923 .8914 .9007 .918
7 .9503 .9473 .9417 .9647 .9718 .968 .9695
8 .958 .9696 .9736 1 .9861 .9783 .9685

12 .9899 .973 .9551 .9783 .9978 .98q7 .9754
13 .986 .9653 .9585 .9847 .9936 .9819 .9834
14 .9905 1 .9858 .9957 .994 1 1
15 1 .9979 1 .9884 1 .9885 .9978
16 .9691 .964 .9185 .9465 .9601 .9762 .9725
17 .7942 .817 .8058 .8638 .8924 .9317 .s877
18 .5874 .6177 .5932 .578 .6632 .7163 .8051
19 .4642 .4604 .4588 .4325 .4216 .5015 .591
20 .3759 .3937 .3676 .3546 .2983 .3525 .429

Ptot 10.534 10.668 10.702 10.326 10.07 10.066 10.098
Ppr 10.604 10.612 10.62 10.62 10.42 10.398 10.474
Ppl 12.096 12.15 12.08 12.054 11.98 11.936 11.882
Tpl 535.58 535.71 535.77 535.81 535.89 536.01 535.95

RAKE 0 13.942 13.844 13.71 13.614 13.538 13.438 13.348
BETA 43.32 43.55 43.56 43.35 43.14 43.28 43.26

PITC14 21.75 22 22.25 22.5 22.75 23
PROBE
PORT

1 .2379 .2605 .3127 .3335 .3571 .2874
2 .3697 .4041 .4498 .48 .4873 .4387
3 .518B .5565 .5826 .5948 .5862 .5752
4 .6631 .6785 .6672 .6678 .6733 .6819
5 .8465 .8565 .8424 .8232 .7933 .7847
6 .9404 .9578 .9432 .902q .893 .8768
7 .9732 .9912 .9867 .9539 .9307 .9419
8 .9814 1 1 .9841 .9824 .9875

12 .984 .9851 .96 .9383 .9552 .9591
13 .9855 .9825 .9694 .9545 .9663 .9496
14 1 .9969 .9963 1 .9987 .9802
15 .9969 .9974 .8858 .988 1 1
16 .9691 .9674 .9367 .9262 .9296 .9273
17 .8573 .8344 .7821 .7566 .7797 .8112
18 .7892 .7852 .6977 .6304 .5822 .6273
19 .6213 .6291 .5624 .4781 .4467 .4498
20 .4972 .512 .4598 .35P .3238 .3397

Ptot 10.23 10.196 10.392 10.542 10.45 10.404
PPr 10.44 10.548 10.494 10.596 10.47 10.5
Ppi 12.03 12.002 12.006 12.002 11.984 12
Tpl 536 535.91 535.96 536.08 536.01 535.96

RAKE 0 13.57 13.558 13.474 13.398 13.45 13.434
BETA 43.41 43.42 43.57 43.47 43.5 43.68
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LOW StC.CTION CETTIM; RAIpA .)A IA
DOWN STREAM LOCAfIIoN 20 10 2, IlcIIFS

PITCl ) 20 20.25 20.5 20.75 21 21.25 21.5
PROBE Cp
PORT

1 .4873 .4219 .4949 .5199 .5178 .4299 .3262
2 .6341 .5944 .6472 .6555 .5989 .5254 .3974
3 .7029 .6938 .7207 .7235 .6553 .5457 .4548
4 .6163 .6678 .7134 .7546 .7188 .5882 .5166
5 .5621 .5334 .6024 .7335 .818 .8324 .7934
6 .6251 .546 .5915 .7 .8275 .8887 .9073
7 .5108 .532 .6482 .7726 .9043 .9321 .9435
8 .6847 .8139 .9274 .9884 .967 .9981 .9906

12 1 1 1 .9939 .9878 .9994 .9873
13 .8605 .9447 .9939 1 1 1 .999
14 .5742 .597 .7083 .8327 .9464 .9968 1
15 .6524 -5824 .6193 .7235 .8933 .9732 .9992
16 .6307 .5537 .5937 .7197 .9027 .9551 .9778
17 .5899 .6131 .7169 .8291 .8929 .8909 .8512
18 .7273 .7375 .7998 .839 .8878 .8655 .7467
19 .736 37612 .8049 .8362 .8705 .8525 .7485
20 .681 .7037 .7246 .7676 .8 .7848 .6989

Ptot 9.592 10.158 10.16 10.148 10.178 10.156 10.202
Ppr 10.582 10.486 10.482 10.576 10.574 10.514 10.508
PPl 12.054 11.982 11.986 12.042 12.048 11.988 11.982
TpI 534.88 535.14 535.23 535.34 535.35 535.58 535.67

RAKE 0 8.604 8.854 8.76 8.678 8.636 8.69 8.698
BETA -2.75 -1.69 -1.94 -2.32 -3.58 -2.28 -2.84

PITCH > 21.75 22 22.25 22.5 22.75 23
PROBE
PORT

1 .2993 .3922 .4837 .5835 .5638 .5294
2 .4117 .4841 .5984 .7281 .7018 .6556
3 .4653 .5361 .6395 .7536 .7532 .688
4 .4915 .4978 .5363 .6252 .6203 .6297
5 .7471 .7414 .7616 .8327 .6894 .5856
6 .8986 .9216 .9455 .9725 .7882 .6164
7 .9428 .9165 .8786 .7865 .6274 .5248
8 .9678 .9059 .8447 .7448 .6681 .7155

12 .9739 .8731 .7582 .8779 1 1
13 .9829 .9328 .8229 .8135 .8171 .8773
14 .9943 .9802 .9315 .8522 .6583 .5737
15 1 1 1 1 .8108 .663
16 .9635 .9544 .9486 .9171 .7611 .5979
17 .6819 .5862 .6204 .6567 .5924 .5766
18 .628 .5426 .6395 .764 .7463 .7188
19 .6862 .4912 .6029 .7476 .759 .7352
20 .5477 .4342 .5455 .6794 .6947 .6632

Ptot 10.178 9.622 8.91 8.01 8.68 9.744
Ppr 10.49 10.478 10.504 10.586 10.514 10.486
Ppl 11.978 11.988 11.998 12.028 11.984 11.996
TpI 535.51 535.51 535.69 535.59 535.66 535.593

RAKE 0 8.766 7.862 5.962 6.236 7.842 8.724
BETA -2.86 -2.73 -2.3 -1.71 -2.15 -:3.27
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MEDIUM SIJCTTON RAKE DATA
FULL TRAVERSE UP STREAM LOCATIO•

PITCH a 0 2.36 4.72 7.08 'ý.44 l1.R 14.16
PROBE Cp
PORT

1 -. 8174 .4481 .4994 .475 .5371 .1217 .3349
2 -. 6965 .5996 .6968 .6671 .6652 1782 .4825
3 -. 3477 .6499 .7409 .7474 .7806 .6245 .6111
4 .545 .6308 .7266 .7548 .7854 .6839 .6958
5 .5304 .727 .8772 .8746 .8787 .835 .8184
6 .5203 .83 .957 .9647 .9712 .9513 .8935
7 .5338 .9109 .9805 .9827 .9885 .9808 .931
8 1 .9608 .9813 .9889 .9845 .9856 1

12 .9771 1 .9897 .9851 .992 .9856 .9886
13 .659 .9893 .997 .9863 .9961 .9893 .9908
14 .2941 .9684 .9962 1 .998 .988 .9834
15 .4944 .9702 1 .9978 1 1 .9738
16 .7029 .9406 .9869 .9867 .9855 q293 .8905
17 .5934 .7584 .7963 .8919 .9165 .7954 .8423
18 .6624 .6584 .7081 .8952 .8005 .7R43 .8084
19 .6114 .4819 .6057 .8016 .6953 .6'25 .6823
20 .4475 .4 .4389 .6302 .5339 .5013 .5139

Ptot 5.332 9.94 10.052 10.08 10.226 10.302 10.702
Ppr 10.474 10.348 10.584 10.584 10.544 10.594 10.588
PpI 12.042 11.954 12.174 12.202 12.186 12.18 12.172
Tpl 527.59 527.58 527.63 527.69 527.79 527.71 527.71

RAKE 0 7.994 13.292 13.314 13.242 13.484 13.516 14.024
BETA 44.712 43.52 44.15 43.79 43.68 43.65 43.72

PITCH ) 16.52 18.88 21.24 23.6 26 17 19.36
PROBE
PORT

1 .3238 .3837 .3487 .2673 .3402 .3262 .395
2 .4941 .5532 .4289 .3671 .495 .4772 .5039
3 .6226 .676 .5579 .5343 .602 .5824 .6343
4 .6909 .711 .6136 .5565 .6792 .6821 .713
5 .7986 .797r .7565 .8002 .8576 .8105 .8213
6 .8608 .88$ .8695 .9364 .9584 .9163 .9262
7 .8959 .9431 .9212 .9946 .9957 .9495 .9513
8 1 .9838 .9361 1 1 .9866 .9601

12 .9905 .9992 .9654 .9775 .9986 .9941 .9724
13 .9949 .992 .9835 .9822 .9959 .9931 .9984
14 .9937 1 .9955 .9806 .9926 1 1
15 .9659 .9922 1 .982 .947 .9905 .9971
16 .9132 .9672 .9786 .9783 .9201 .9739 .9875
17 .8156 .8205 .9157 .9482 .9166 .8726 .7631
18 .7012 .7163 .794 .8212 .8628 .7446 .5873
19 .5948 .4792 .5221 .6259 .715 .581 .4961
20 .4485 .3842 .3874 .4891 .567 .4823 .3984

Ptot 10.488 10.242 10.3 10.312 10.336 10.134 10.216
Ppr 10.556 10.602 10.616 10.608 10.618 10.5 10.484
ppl 12.138 12.168 12.15 12.194 12.174 12.11 12.098

TpI 527.74 527.63 527.58 527.52 527.61 527.31 527.31
RAKE 0 13.956 13.89 13.628 13.754 13.942 13.67 13.562

BETA 43.46 42.94 43.44 43.76 44.03 43.29 43.5
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CONTINUED
MRDIUM SUCTION QAKE DAIA
FULL IRAVERSE UP STREAM LOCATION

PITCH > 21.72 24.08 26.44 28.6R 31 .16 33.52 35.88
PROBE
PORT

1 .2535 .2954 .3634 .3516 .3637 .3129 .2457
2 .373 .4381 .5119 .4929 .512 .4735 .3727
3 .5288 .5935 .6525 .6075 .6367 .5571 .5178
4 .636 .683 .729 .6943 .69 .6837 .7066
5 .8026 .8065 .8545 .8033 .7976 .7934 .8818
6 .9303 .9562 .9259 .8423 .8622 .9056 .975
7 .9735 .9815 .9442 .8829 .9393 .9805 .9943
8 .983 .9996 1 1 1 .9945 1

12 .981 .9817 .994 .9711 .9905 .9873 .9864
13 .9837 1 .9832 .9607 .9831 .9848 .9964
14 .9926 .9967 .9378 .9433 .9827 1 .9926
15 1 .9669 .9029 .9081 .9757 .9922 .9838
16 .977 .9496 .8854 .8556 .906 .964 .9435
17 .8656 .8452 .8106 .6815 .7361 .7803 .8291
18 .7839 .758 .83 .5196 .6004 .5269 .6705
19 .6389 .5985 .6843 .3683 .477 .3338 .5147
20 .4867 .4735 .5207 .287 .3567 .2527 .3837

Ptot 10.192 10.272 10.612 11.082 10.536 10.552 10.476
Ppr 10.45 10.396 10.49 10.558 10.592 10.524 10.468
PPI 12.084 11.996 12.128 12.156 12.172 12.104 12.084
TpI 527.39 527.3 527.69 527.61 527.59 527.5 527.51

RAKE 0 13.65 13.684 14.126 14.334 14 13.922 13.806
BETA 43.52 43.68 44 44.31 44.33 44.49 44.18

PITCH > 38.24 40.6 43 46.18 48.54 50.9 53.3
PROBE
PORT

1 .251 .2747 .3393 .3197 .378 .3785 .3759
2 .3796 .4282 .495 .4824 .5317 .5285 .5074
3 .5335 .5869 .6324 .6235 .6524 .6627 .6304
4 .6553 .7047 .6724 .7124 .721 .7363 .7475
5 .8344 .8352 .7742 .8533 .8041 .826 .916
6 .952 .8829 .8739 .9343 .8793 .918 .9736
7 .9964 .9475 .958 .9567 .9121 .9805 .9918
8 1 1 1 1 .9776 .9821 .996

12 .9889 .9954 .9966 .9753 1 1 .9956
13 .9872 .9985 .9917 .9757 .995 .9958 .9989
14 .9887 .9909 .9951 .9749 .983 .9942 1
Is .972 .9723 .9877 .9501 .96 .9824 .9929
16 .929 .9491 .9698 .8929 .9345 .9655 .9565
17 .7836 .8187 .8771 .7928 .8178 .8688 .8405
18 .5885 .6195 .7274 .7352 .6733 .7471 .7076
19 .4215 .4861 .5791 .5784 .5337 .5833 .5401
20 .3126 .3647 .4581 .4456 .4145 .4461 .4186

Ptot 10.59 10.776 10.61 10.772 10.804 10.366 10.472
Ppr 10.424 10.428 10.424 10.192 10.306 10.302 10.246
Pp1 12.078 12.018 11.964 11.942 11.94 11.926 11.932
TpI 527.48 527.482 527.3 527.47 527.38 527.38 527.36

RAKE 0 13.824 14.016 13.782 13.55 13.854 13.378 13.334

BETA 44.55 44.35 44.68 43.99 44.48 44.68 45.15
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CONTINUED
MEDIUM SUCTION RAKE DATA

FULL TRAVERSE UP STREAM LOCATION

PITCH ) 55.61 57.98 60.38

PROBE
PORT

1 .4204 .3137 .0535
2 .6107 .5007 .3025

3 .7157 .6058 .588
4 .7443 .7302 .768
5 .8796 .8984 .7691

6 .9559 .9662 .62%6
7 1 .993 .7.8R47

3 .9'943 q9 7 .9217

12 .9787 1 1

13 .9817 .9953 .988

14 .9?36 .9922 .879q

15 .9629 .9682 .9769
16 .9111 .8104 .9845
17 .8285 .5026 .7776

18 .7628 .3657 .7338

19 .6041 .2332 .5289

20 .4558 .131 .3732

Ptot 10.614 10.704 6.844

Ppr 10.342 10.316 10.338

Ppl 11.916 11.874 11.862
Tpl 527.28 527.35 527.37

RAKE 0 13.126 13.42 10.166
BETA 45.37 45.44 47.58
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MEDIUM SUCTION SETTINIG RAKE DATA
UP STREAM LOCATION 20 TO 23 INCIIES

PITCH 20 20.25 20.5 20.7c 21 21.25 21.5
PROBE Cp
PORT

1 .2928 .295 .3132 .3352 .354 .3137 .2855
2 .4335 .4469 .4653 .4811 .4863 .4442 .3992
3 .5696 .5743 .5984 .6075 .6186 .5733 .5404
4 .6654 .6742 .6586 .6664 .6751 .6651 .6682
5 .868 .8402 .8039 .7681 .7742 .7705 .8195
6 .9239 .9124 .899 .8754 .8889 .9102 .9284
7 .94 .9464 .9467 .9679 .966 .9669 .9644
8 .9484 .9647 .9782 .9802 .9734 .9733 .9676

12 .9678 .9524 .9614 .9826 .9874 .9793 .966
13 .9617 .9565 .9704 1 .9886 .9884 .9866
14 .9878 .9878 .9893 .9969 .9838 1 1
15 1 1 1 .9746 1 .9964 .9947
16 .6413 .9362 .9421 .6429 .9592 .9755 .9711
17 .8132 .8226 .8528 .8617 .8965 .9014 .8645
18 .6332 .6725 .6815 .6494 .6829 .7936 .8228
19 .4917 .4921 .5012 .4762 .4348 .5361 .6276
20 .3937 .3863 .422 .4273 .3113 .3747 .4724

Ptot 10.698 10.664 10.474 10.222 9.99 9.96 10.114
Ppr 10.678 10.658 10.564 10.532 10.542 10.404 10.604
Ppl 12.172 12.084 12.018 11.978 11.944 11.892 11.946
Tpl 536.38 536.5 536.44 536.48 536.51 536.52 536.48

RAKE 0 13.924 13.716 13.662 13.614 13.448 13.35 13.37
BETA 43.21 43.43 43.35 43.28 43.5 43.47 43.57

PITCH ) 21.75 22 22.25 22.5 22.75 23
PROBE
PORT

1 .2744 .2943 .3128 .3324 .3368 .3237
2 .4122 .458 .4619 .4742 .4835 .4187
3 .5587 .5726 .5917 .5952 .5976 .5761
4 .6563 .6737 .6683 .6562 .6725 .662
5 .8465 .8609 .8357 .804 .787 .7735
6 .9546 .9589 .923 .8972 .8676 .8718
7 .9859 .9911 .9611 .9467 .9451 .9424
8 .9882 1 .9823 .988 .974 .9676

12 .9839 .973 .9451 .9327 .9383 .9432
13 .9809 .9785 .9592 .9454 .9455 .9461
14 1 .9996 1 1 1 1
15 .9924 .9971 .9867 .9788 .9854 .9971
16 .9687 .9581 .9096 .9208 .9181 .9392
17 .8455 .8248 .7922 .7805 .799 .8494
18 .8146 .7507 .6927 .604 .643 .675
19 .6659 .6671 .5534 .4757 .4645 .5278
20 .4974 .503 .431 .3473 .3828 .4029

Ptot 10.044 10.31 10.492 10.662 10.528 10.358
Ppr 10.412 10.576 10.598 10.682 10.626 10.586
PpI 11.924 12.178 12.09 12.1 12.094 12.046
TpI 536.58 536.75 536.84 536.8 536.72 536.77

RAKE 0 13.462 13.632 13.514 13.542 13.472 13.342
BETA 43.58 43.51 43.67 43.54 43.56 43.52
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MEDIUrl SUCTION SETI1NG RAKRF MAIA
DOWN STREAM LOCATION1 20 To 23 INCIIES

PITCH 20 20.25 20.5 20.7c 21 21.25 21.5
PROBE Cp
PORT

1 .4835 .4694 .5009 .5211 .5308 .4398 .3253
2 .6248 .6129 .6533 .6294 .6496 .5124 .4013
3 .7044 .6901 .7219 .7183 .6613 .5549 .4593
4 .6223 .6585 .7233 .7589 .7327 -625 .5184
5 .5492 .5411 .6275 .7402 .8068 .8239 .7933
6 .6086 .555 .5974 .7074 .8162 .8763 .8976
7 .5045 .5347 .6366 .7694 .8591 .9316 .9396
8 .6787 .8369 .9525 .9822 1 1 .9841

12 1 1 1 .9986 .9908 .9883 .9811
13 .8755 .9462 .9982 1 .9953 .9923 .9911
14 .5695 .6196 .7508 .8382 .9461 .9988 1
15 .6481 .5913 .6358 .7319 .8843 .985 .9929
16 .6236 .5651 .6206 .7313 .8583 .9553 .9746
17 .5934 .6391 .7426 .8456 .9003 .9166 .8549
i1 .7225 .752 .7668 .8474 .8806 .8784 .7921
19 .7329 .7623 .7757 .846 .8545 .8565 .7563
20 .6799 .7026 .7453 .7939 .7765 .8002 .7397

Ptot 9.822 10.08 10.154 10.102 10.132 10.118 10.158
Ppr 10.528 10.562 10.628 10.578 10.59 10.594 10.59
Ppl 12 11.976 12.044 12.038 12.04 12.086 12.016
Tpl 536.02 536.13 536.06 536.2 536.34 536.39 536.48

RAKE 0 8.67 8.834 80816 8.704 8.636 8.586 8.588
BETA -3.56 -2.22 -1.29 -2.97 -3.14 -3.06 -2.58

PITCH > 21.75 22 22.25 22.5 22.75 23
PROBE
PORT

1 .3089 .39 .4948 .6233 .5712 .5336
2 .4064 .4853 .6048 .6877 .6958 .606
3 .477 .5372 .6392 .7658 .7451 .7063
4 .4893 .492 .5413 .6402 .6141 .6134
5 .7382 .7175 .7849 .8179 .6727 .54
6 .9088 .9258 .9681 .9645 .7661 .6188
7 .9385 .9074 .8699 .7822 .5941 .5262
8 .9578 .9094 .7958 .7316 .6706 .6964

12 .9541 .8714 .7585 .9073 1 1
13 .9715 .9364 .8348 .8276 .8259 .8678
14 .985 .9722 .9526 .8458 .6489 .5664
15 1 1 1 1 .8033 .6555
16 .95 .9338 .9381 .9369 .7499 .5988
17 .664 .5977 .6114 .6729 .6042 .5844
18 .6144 .5564 .6351 .7847 .7453 .7168
19 .5656 .4933 .5949 .7689 .7471 .7372
20 .5215 .4454 .5239 .7091 .6961 .6528

Ptot 10.114 9.784 8.852 7.832 8.732 9.696
Ppr 10.53 10.522 10.536 10.618 10.58 10.576
PPI 12.07 12.054 12.094 12.094 12.104 12
TpI 536.51 536.33 536.22 536.17 536.25 536.31

RAKE 0 8.57 7,686 5.948 6.356 7.866 8.728
BETA -3.2 -2.83 -2.27 -1.06 -1.5 -2.29
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HIGH SUCTION RAKE DATA
FULL TRAVERSE UP SIREAM LOCATION

PITCH ) 0 2.36 4.72 7.08 9.44 11.8 14.16
PROBE Cp
PORT

1 -1.1581 .4405 .5266 .4818 .5068 .3306 .3433
2 -. 8766 .5699 .7215 .6599 .6976 .5096 .5175
3 -. 5225 .6514 .7788 .7761 .7466 .6592 .6438
4 .71186 .6108 .774 .805 .8188 .743 .7161
5 .6177 .7165 .9262 .9297 .9012 .8888 .8027
6 .5328 .8443 .9633 .9844 .9546 .9502 .8563
7 .5333 .8947 .9706 .9925 .981 .9823 .9098
8 .9784 .9586 .9797 .9981 1 .999 .9824

12 1 .9886 .9925 .9971 .978 1 .999
13 .6998 1 .9963 .9942 .9744 .988 1
14 .2519 .9521 .9932 .9988 .9874 .998 .9853
15 .5338 .9669 1 1 .9866 .9778 .9657
16 .8007 .9574 .9934 .9858 .9394 .9524 .9139
17 .9306 .8254 .9492 .9492 .88 .8463 .8691
18 .9883 .7301 .8449 .9232 .8194 .7948 .826
19 .9292 .6118 .7195 .8177 .7502 .6 .6852
20 .6656 .507 .5992 .6816 .5568 .5051 .5591

Ptot 4.264 9.862 9.646 9.61 10 9.836 10.482
Ppr 10.408 10.294 10.306 10.216 10.168 10.2 10.48
PPl 11.994 11.888 11.822 11.75 11.744 11.744 12.046
TpI 532.04 532.13 532.21 532.33 532.39 532.62 533.28

RAKE 0 6.98 13.134 12.862 12.822 11 056 13.13 13.92
BETA 44.87 43.51 44.19 43.88 43.71 43.79 43.44

PITCH ) 16.52 18.88 21.24 23.6 26 17 19.36
PROBE
PORT

1 .3454 .3859 .3276 .279 .3623 .3178 .3447
2 .506 .5626 .4452 .4275 .5015 .4433 .517
3 .6197 .6764 .5851 .5822 .6057 .5887 .6457
4 .6705 .7359 .6781 .6673 .6859 .6776 .7315
5 .7964 .8217 .7391 .8231 .8507 .8184 .8669
6 .848 .8915 .9293 .9511 .9482 .9246 .9394
7 .8979 .9448 .9843 .9965 .9905 .96 .9533
8 .9674 .9688 .9958 .9967 1 .9718 .9619

12 .957 .9821 .9935 .9799 .9932 .9809 .9708
13 .9835 .983 .996 .9955 .9893 .9944 .9969
14 1 1 1 1 .9818 .9964 1
15 .9716 .9943 1 .9965 .9635 1 .9939
16 .9282 .97911 .9907 .9896 .9282 .9881 .98722
17 .8442 .8911 .9458 .9578 .8631 .8731 .7751
18 .7139 .748 .8488 .8294 .8851 .7739 .5788
19 .6076 .5111 .5687 .7059 .7544 .6641 .5246
20 .4694 .35 .3808 .5926 .5649 .5072 .4237

Ptot 10.422 10.142 9.896 10.125 10.302 10.056 10.19
Ppr 10.408 10.46 10.418 10.396 10.504 10.392 10.416
PPI 12.124 12.162 12.04 12.064 12.12 12.012 12.09
Tpl 533.17 533004 533.51 533.63 533.6 534.25 534.13

RAKE 0 13.534 13.638 13.506 13.628 13.888 13.486 13.574
BETA 43.37 43.52 43.99 44.27 44.36 43.66 44.05
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1Gidi sUCtIoN RAKE DATA
FULL. TRAVERSE UP STREAM LOCATION

PITCH ) 21.72 24.08 26.44 28.8 31.16 33.52 35.88
PROBE
PORT

1 .2525 .3007 .3592 .3681 .3754 .2851 .2525
2 .4083 .4582 .5357 .517 .5061 .3916 .3937
3 .5463 .5785 .6342 .6299 .6464 .5256 .5289
4 .648 .682 .7182 .7025 .67746 .6925 .696
5 .8287 .8306 .8369 .8082 .7902 .8029 .8579
6 .9461 .9233 .8985 .8456 .8247 .9211 .9761
7 .9763 .9831 .9475 .9049 .9409 .9776 .9975
8 .9873 .9908 1 1 1 .9876 1

12 .9786 .9716 .9938 .9925 .9846 .9833 .9872
13 .9816 .986 .9849 .9777 .9882 .9882 .9937
14 .9904 1 .9515 .9562 .9919 .9935 .9918
15 1 .9755 .8875 .9251 .9824 1 .9751
16 .953 .9254 .8496 .904 .9353 .9614 .9498
17 .845 .8809 .7727 .7457 .7784 .7803 .8289
18 .775 .7858 .7356 .6115 .6084 .5592 .7534
19 .6486 .5932 .6767 .4293 .4926 .3944 .5379
20 .4912 .5038 .5317 .3299 .4059 .2908 .414

Ptot 10.204 10.428 10.596 10.688 10.362 10.522 10.44
Ppr 10.426 10.446 10.416 10.402 10.392 10.402 10.392
PPI 13.132 12.118 12.096 12.11 11.996 12.1 12.052
Tpl 533.92 533.84 533.8 533.75 533.95 533.8 533.82

RAKE 0 13.658 13.808 14.146 14.208 13.8 13.89 13.814
BETA 44.01 44.25 44.14 44.6 44.58 44.73 44.8

PITCH ) 38.24 40.6 43 34.4 36.74 39.1 41.45
PROBE
PORT

1 .2899 .2774 .326 .317 .3087 .4429 .3724
2 .4066 .4397 .4941 .4657 .4728 .6101 .56
3 .5539 .6044 .6313 .6124 .6167 .7282 .6733
4 .6665 .6905 .6875 .6553 .703 .7358 .6922
5 .8568 .8261 .7703 .8455 .8485 .8259 .8159
6 .9704 .8858 .8557 .9266 .8864 .9187 .9452
7 .9917 .9321 .9579 .9428 .892 .9526 .986
8 1 1 1 1 1 1 .9912

12 .9943 .9856 .9849 .9856 .9913 .9947 .9988
13 .9964 .9937 .9847 .9766 .9766 .9903 .9956
14 .9968 .9878 .9957 .874 .9534 .976 1
i5 .976 .9736 .9853 .9625 .9358 .9564 .9937
16 .9253 .9456 .9664 .9195 '951 .8966 .9466
17 .7635 .8565 .8942 .7575 535 .739 .8941

18 .5851 .7178 .7769 .5457 3704 .5444 .7902
19 .4178 .5823 .646 .4067 .4104 .3888 .623

20 .3352 .4286 .5005 .3245 .3462 .2954 .4862

Ptot 10.604 10.844 10.606 10.706 10.774 10.5 10.40c

Ppr 10.364 10.378 10.45 10.49 10.42 10.372 10.384

PpI 12.04 12.042 12.086 11.92 11.974 11.984 11.974

TpI 533.82 533.65 533.61 534.03 534 533.89 533.71
RAKE 0 13.978 14.022 13.705 14.092 14.088 13.786 13.686

BETA 44.8 44.57 45.04 43.72 43.94 44.23 44.22
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CONTINUED
HIGH SUCTION RAKE DATA
FULL TRAVERSE UP STREAM LOCATION4

PITCH ) 43.81 46.18 48.54 50.9 53.3 55.61 57.98
PROBE
PORT

1 .2954 .3209 .3688 .3897 .3843 .431 .3644
2 .4645 .4972 .543 .5638 .5676 .6132 .5239
3 .6163 .6417 .6495 .6567 .7064 .6775 .6423
4 .7061 .7267 .7122 .7442 .7999 .7591 .7682
5 .8309 .8591 .8284 .8192 .9081 .8887 .9027
6 .9615 .9282 .8853 .9138 .9757 .9289 .9668
7 .9973 .9656 .9169 .9761 .9916 .9937 1
8 .9973 1 .9852 .9846 .999 1 .9897

12 .9898 .9706 1 .9998 .9946 .9939 .9908
13 .9935 .9805 .9968 1 .9979 .9966 .9836
14 1 .9727 .9841 .9952 1 .999 .9788
15 1 .9597 .9605 .9879 .991 .9872 .973
16 .9827 .9039 .9135 .9591 .9718 .9405 .8491
17 .9244 .8128 .8372 .8944 .8562 .9001 .6288
18 .8452 .7745 .7275 .793 .7499 .8109 .513
19 .6749 .6579 .5276 .6588 .4157 .6929 .4484
20 .5272 .4835 .4324 .4865 .487 .5366 .3119

Ptot 10.398 10.756 10.688 10.376 10.444 10.492 10.83
Ppr 10.346 10.384 10.434 10.336 10.436 10.442 10.348
PPl 11.986 11.926 11.934 11.954 12.004 11.94 11.916
Tpl 533.76 534 533.97 534.01 534.03 534.01 534.05

RAKE 0 13.468 13.498 13.778 13.40e 13.262 13.26 13.442
BETA 44.18 43.9 43.88 43.91 44.79 44.85 45.36

PITCH ) 60.38
PROBE
PORT

1 .1753

2 .4108
3 .7072
4 .8256
5 .774
6 .5844
7 .5537
8 .9141

12 .8904
13 .947
14 .80S3
15 .854
16 1
17 .9141
18 .8335
19 .6892
20 .5013

Ptot 7.098
Ppr 10.32
Ppi 11.884
TpI 534.29

RAKE 0 9.598
BETA 47.03
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HIGH SUCTION SETTING RAKE DAIA
UP STREAM LOCATION 20 TO 23 INCHES

PITCH ) 20 20.25 20.5 20.75 21 21.25 21.5
PROBE Cp
PORT

1 .2931 .2939 .3125 .3291 .3331 .3396 .2784
2 .4379 .4503 .4802 .4825 .4864 .3979 .3993
3 .5908 .6049 .6017 .6312 .626 .6008 .5755
4 .6858 .6572 .668 .6798 .6711 .6763 .6843
5 .6623 .8635 .812 .7879 .7744 .7844 .8119
6 .9219 .9151 .892 .9045 .9056 .9131 .9407
7 .9455 .9843 .9752 .9753 .9686 .9672 .9707
8 .9534 .9974 .9868 .9952 .9741 .9714 .9738

12 .9639 .9813 .9799 .997 .9957 .9807 .9715
13 .9589 .9766 .9789 .991 1 .9777 .978
14 .9862 .9899 1 1 .9974 .998 .9954
15 1 1 .9846 .9932 .9929 1 1
16 .958 .9805 .9612 .9601 .9804 .9871 .9782
17 .8124 .9066 .9122 .8931 .9131 .9248 .8819
18 .6392 .7554 .7449 .6876 .7019 .8385 .8371
19 .5166 .5684 .5601 .5199 .4581 .5799 .6629
20 .4236 .4579 .481 .485 .3222 .3953 .5069

Ptot 10.426 10.064 10.162 9.968 9.876 9.946 10.092
Ppr 10.406 10.404 10.428 10.52 10.436 10.384 10.422
PPI 11.922 11.89 11.936 11.918 11.938 11.918 11.966
TpI 539.51 538.55 538.69 538.71 538.88 538.59 538.46

RAKE 0 13.646 13.488 13.552 13.584 13.496 1:3.424 13.464
BETA 43.24 43.67 43.32 43.15 43.23 43.28 43.147

PITCH ) 21.75 22 22.25 22.5 22.75 23
PROBE
PORT

1 .2833 .307 .3233 .3207 .3605 .3335
2 .4196 .4595 .4761 .4715 .4915 .4643
3 .576 .6018 .6053 .615 .6279 .604
4 .6831 .6934 .692 .6697 .702 .6987
5 .8677 .8671 .8401 .7981 .8117 .7872
6 .9688 .9977 .9304 .8932 .9118 .8947
7 .9902 .9871 .9745 .9414 .9458 .9728
8 .9936 1 .9949 .9793 .9709 *9$?q8

12 .9926 .9709 .9502 .9256 .9815 .9664
13 .9884 .9765 .9628 .9499 .9799 .9694
14 .9936 .9968 1 1 .9978 .9964
15 1 .9913 .9856 .9935 1 1
16 .9814 .9575 .9481 .9196 .9751 .9602
17 .8957 .832 .816 .7926 .8768 .8981
18 .805 .7557 .6949 .6565 .7187 .7451
19 .6448 .6386 .5883 .5021 .5397 .5?2
20 .5063 .5092 .43 .3754 .4047 .4r,47

Ptot 9.99 10.11 10.28 10.452 9.954 10.01
Ppr 10.446 10.392 10.418 10.398 10.37 10.47
Ppl 11.954 11.916 11.906 11.952 11.912 11.98
TpO 538.67 538.59 538.85 538.86 538.53 538.25

RAKE 0 13.564 13.46 13.4 13.316 13.408 13.344
BETA 43.2 43.41 43.5 43.55 43.43 43.2

70



HIGIf SUCTION SETTING PfAKE PA;,l
DOWN STREAM LOCATION 20 To 23 INCHES

PITCH 20 20.25 20.5 20.75 21 21.25 21.5
PROBE Cp
PORT

1 .5054 .4918 .5063 .5385 .5271 .4387 .321
2 .6248 .6199 .6493 .6639 .6357 .4886 .3963
3 .7111 .7047 .7239 .7258 .6774 .5132 .4492
4 .6206 .6679 .7264 .7622 .7303 .6383 .5315
5 .5485 .5428 .6255 .7284 .7163 .8226 .7885
6 .6114 .5531 .5948 .7015 .8092 .864:3 .8971
7 .5044 .5319 .6275 .7713 .8682 .9234 .9298
8 .6673 .8037 .937 .9795 .9893 .9918 .9734

12 1 1 .996 .9968 .9968 .9956 .9786
13 .8806 .9522 1 1 1 .9908 .9841
14 .5717 .6082 .7133 .8348 .9567 1 1
15 .6588 .5952 .6407 .7596 .8931 .9806 .9943
16 .631 .556 .616 .7489 .8768 .9687 .9824
17 .5915 .6357 .7468 .836 .8945 .9345 .8551
18 .7293 .7096 .8018 .8456 .8903 .9052 .7704
19 .7448 .7163 .8018 .8362 .8682 .8834 .7556
20 .6694 .6863 .7386 .7584 .8138 .7884 .7175

Ptot 9.414 9.882 9.97 9.95 9.938 9.98 10.088
Ppr 10.534 10.396 10.49 10.54 10.446 10.438 10.534
Ppr 11.964 11.874 11.942 11.962 11.93 11.93 11.984
Tpl 536.32 536.56 536.66 536.74 536.8 536./7 536.7

RAKE 0 8.486 8.672 8.568 8.542 8.528 8.548 8.524
BETA -2.829 -2.876 -1.548 -2.21 -1.91 -1.73 -2.7

PITCH ) 21.75 22 22.25 22.5 22.75 23
PROBE
PORT

1 .3196 .3834 .505 .6083 .5998 .5423
2 .3996 .475 .5976 .727 .7256 .6585
3 .4772 .528 .631 .7582 .7257 .7128
4 .4867 .4851 .5284 .659 .6293 .6111
5 .7553 .7058 .7784 .8249 .702 .5553
6 .9083 .9241 .9584 .9938 .8035 .6134
7 .947 .9066 .8642 .7865 .6215 .527
8 .9645 .9033 .8056 .7373 .6822 .6913

12 .9706 .8633 .7566 .8674 1 1
13 .9853 .9286 .8068 .8133 .824 .8868
14 .9938 .9697 .925 .8594 .A653 .-S7A
15 I I 1 1 .8317 .655
16 .9692 .939 .9371 .9804 .7823 .6008
17 .6919 .6 .6133 .6673 .6182 .5911
18 .6237 .5402 .6267 .7649 .7168 .7277
19 .5078 .5098 .5779 .7507 .722 .7362
20 .553 .4434 .5225 .6832 .6944 .6609

Ptot 9.924 9.64 8.808 7.766 8.39 9.674
Ppr 10.5 10.444 10.458 10.474 10.554 10.598
PPI 11.978 11.936 11.948 11.97 12.032 12.1
Tpl 536.71 536.95 536.92 536.94 536.96 536.77

RAKE a 8.53 7.478 5.916 6.008 7.59 8.72
BETA -3.03 -3.06 -2.1 -1.82 -2.48 -3.52

71



SPANWISE BALANCED MANIrOILD PPESSURES
UP STREAM LOCATION 20 TO 23 INCHES

PITCH > 20 20.25 20.5 20.7.5 21 21.25 21.5
PROBE Cp
PORT

1 .3606 .3446 .3116 .:265 .3306 .1727 .348
2 .5195 .4627 .4772 .4974 .4967 .41q6 .5046
3 .6273 .5884 .6095 .6094 .6283 .5859 .6211
4 .7302 .7067 .7029 .6968 .6929 .683 .6943
5 .858 .8368 .8237 .8358 .8076 .8263 .8562
6 .9114 .8967 .89 .8918 .897 .9095 .9305
7 .9383 .9315 .9363 .9418 .9455 .945o .9455
8 .9616 .9806 .9967 .998 .9779 .9646 .9551

12 .9783 .9648 .9--4 .9968 .9877 .9774 .9661
13 .9754 .9544 .9863 .9876 .9936 .983 .9786
14 1 1 1 .9876 .9922 1 .998
15 .9965 .9949 .9971 1 1 .996 1
16 .9489 .9431 .9357 .9514 .9658 .9766 .9635
17 .7753 .8283 .8531 .8987 .8899 .9037 .8805
18 .551 .6405 .6824 .6309 .6375 .7838 .7879
19 .4724 .4797 .5041 .4771 .4019 .5891 .5703
20 .3619 .3644 .3811 .3772 .298 .4218 .3747

Ptot 10.406 10.516 10.36 10.132 10.062 10.1 10.194
Ppr 10.56 10.62 10.56 10.534 10.576 10.59 10.57
PpI 12.11 12.084 12.096 12.056 12.052 12.066 12.034
TpI 540.99 541.46 541.58 541.84 542.16 542.28 542.95

RAKE 0 13.764 13.766 13.744 13.76 13.598 13.544 13.502
BETA 43.89 44.052 44.17 43.85 44.08 44.12 44.16

PITCH ) 21.75 22 22.25 22.5 22.75 23
PROBE
PORT

1 .3193 .2554 .2555 .2736 .3106 .316.!
2 .5052 .4053 .438 .398 .4644 .4554
3 .6161 .5832 .546 .5381 .545 .5647
4 .6611 .6809 .6618 .6158 .6005 .6549
5 .8372 .8668 .8273 .7431 .736 .7332
6 .9514 .9483 .9077 .8461 .8368 .8439
7 .965 .9718 .9712 .951 .9355 .9417
8 .9785 .9935 1 .9877 .9975 .?899

12 .9834 .9689 .949 .935 .9482 .9476
13 .9856 .9777 .9631 .9454 .9428 .9637
14 .999 1 .9931 1 1 1
15 1 .9926 .9904 .9843 .9925 .99"33
16 .967 .952 .9464 .9004 .9255 .9404
17 .8473 .8227 .7785 .7623 .7912 .803
18 .8081 .7452 .6828 .6173 .6116 .6016
19 .6441 .5996 .5487 .4407 .4463 .4212
20 .4537 .449 .3984 .3001 .2945 .2964

Ptot 10.122 10.21 10.402 10.578 10.392 10.466
Ppr 10.558 10.592 10.484 10.514 10.496 10.562
PPl 12 12.06 12.056 12.008 12.052 12.174
Tpl 543.12 543.35 543.68 543.84 543.98 544.49

RAKE 0 13.614 13.55 13.514 13.544 13.508 13.53
BETA 44.23 44.14 44.029 43.97 44.03 44.27
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A2. INSTRUMENTED BLADE DATA

The instrumented blade data is listed in the following two

pages in the order of increased suction.
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INSTRUMENTED BLADF PRESSUJRE pDIqRIF3IJtION

MEDIUM SUJCTION',
0 - 16.512 IN 112o
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o 0 -! ) .'2
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[NS rRlIJIF.NrED BL •UE PRESSURE IISMRI ItI moN
HIGH SUCTION
0 = 15.762 IN 1120

X PRF*5 c,.IPF `z,1C 1 I (It
,ý- jl)F OllF

0 -

.16 .031 q4•-,1277 ' -1 .7,f

.24 .047":9041q6 2 .)R4 I

.43 .Oe5828:3433 1 .112 14 .73
.61 .1217S64870 .*54R 14./3
.98 .1956087824 .742 -14 .A

1.35 .2694610778 1.!7R 13.P2
1.72 .3433133733 1.866 -t2.27
2.1 .419161676- I4.4. ,)RR

2.47 .49301.39721 .4 -. 4 .1

2.84 .560-,86,2675 .r',2 I . 1
3.21 .64071R5629 .. 42 -',.20">
3.58 .7145709rR3 .P'd 4 •'"2
3.95 .78842731537 1 1~
4.15 .8283433134 1 .2R -. 4
4.35 .8682634731 1 .188 -2.61
4.55 .9081836327 .. 42 - ) -"

4.75 .9481037924 - .30.
4.95 .9880239521 -3.0:3?6 -2. 156
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A3. MANOMETER DATA

The manometer data was taken by marking the tuDes dur j

the test conducted and recorded at completion. Polaroid

pictures were taken during the tests and are also presented in

this section.
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MANIFOLD AND ENtWALL SrAfIC PRFrSSlPF'-,
LOW SUCTION

PRESSURES MEASURED IN INCHES OF WAIER

PITCH NOR TH SOUTH NOR 1H <-ni II
(IN ) MANIFOLD MANIFOLD EFIDWALL EJ'!WALL

-7 -7.8S 7.-
3 -7.6 -7.7 - .
6 4R1 -4 r.
0 -4 -4

12 -,.5 -4 .A
III - C;
15 --. -4 7
18 -5
21
23 -4.7 --4.9
24 --4.8 -5
27 -5.5 -5
30 --5.4 -5.05
33 -4.4 -4.7 -5.5 .-5, . 3
36 -5.3 -5.3
39 -5.4 -5. 1
42 -5.r -5
43 -4.4 -4.8
45 -5.2 -5
48 -9
51 -5
53 -4.5 -4.9
54 --4.85 -4.85
57 _, -4.85
60 --4 -4.4
63 -4.7 -5.35
73 -5.6 -6.25
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g t- --- - - - WU

M1

Ti 4

Figure Al. Manometer A for Low Suction Tests
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MIANIFOLD) AND ENDWLL. STATIC PRESSIURES
MEDIUM SUCIT •T

PRESSURES MEASURE{) IN INCHES OF WLATER

PITCH NORTH SOUITH NOR III SoU{Ttf

( IN) MANIFOLD MANIFOLD ENDWALL ENI)WAI L.

-7 -11 .55 -12
3 -11.1 -10.95 -r.1
6 --
9 - .I-r- .0 5

12 -4 .85 -4.8

13 -6.35 -6.95
I, -5.3 -472

18 --5.2 5.3

21 -555

23 -5.15 -5.55
24 -4.95 -5.2

27 --5.5 -5.1

30 -5 -"it -5.1
33 -4.95 -5.35 -5.4 -5.4

36 --5.3 -5.35

39 -5.3 --5

42 -5.3 -4.9

43 -5.1 -5.7

45 -5 -4.8

48 -5 -4.8

51 -4.8 -4.6

53 -5.4 -6.3
54 -4.0ý -4.4

57 -4.3 -4.2

60 -4 --4.1

63 -6.25 -7.9

73 -8.35 -10
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.•- -..--..-- - -::....

Figure A3. Manometer A for Medium Suction
Tests

'CR M

Figure A4. Manometer B for Medium Suction
Tests
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MANIFOLD AND ENDWALL STATIC PRESIJREq
IIIGHI SUCTION

PRESSURES MEASURED IN INCIIES OF WJAIFR

PI TCH NORTH SOU T H NOR I I I 5 Ol I I II
( IN) MANIFOLD MAN T"-OD ENWJALL EHI)-L'A.L.

-7 -15.4 -16
3 -14.3 -13.9 -- , -5
6 -5--5
9 -5.1 -5

12 , .P
1:3 -7.2 -A
15 .5 3- . --

18 - .2,4
21 -. -- .2
23 -5.5 -6
24 -. 0F,
27 -7 .72
30 -5.5 ý-2

33 -5.3 -5.85 -5.f, -5.4
36 -r,.4 -5-3
39 -5.4 -5.1

42 -5.35 -5

43 -5.55 -6.45
45 -5.2
48 -5 -4 r,5
51 -4. -4.5
53 -6.15 -7.6
54 -5-4

57 --4.3 -4
60 --4 -4.1

63 -7.8 -10.6
73 -11.5 -14.2
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Ai

FF2 F

Figure A5. Manometer A for High Suction Tests

Aii

Figure A6. Manometer B for High Suction Tests
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A4. LDV DATA

The LDV data is presented sequentially from stations 1 to

18. Graphs not seen in the main body are found after the

corresponding data set.
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FLOW ANGLE •M)3LIS I'ENI

Vf1c-.ity in M/SFC
Dat.s iS From the fol •loind file,'-
F)1101392,1 .19

X( in) Z( in) 1l-teAl II-- I tqtaia-d V-rHoari V'-- IIOn ari I)V-- onope

Veloc]ty DeviM i or V- oc(t-, I'=,v i It ion 1 e1ri

4 -6.29 r53.1 1.09 rA o'. 116 47

3.5 -6.29 r53.1 1 .2_ r7 .7 47.2
3 -6.29 54.1 1.24 SR. 2 A6 47.1

2 5 -6.29 54.4 1.09 570 ,71.4 46.7

2 -- 4-.29 1,4 .1 0,1, A, 7 .1 4A.4
1 r-, -A- .29 5 . N1 2r I . ,1 4(-. 1

S -6 .24 53.7 .22 1-, 1.22 46.6

.5 --6.29 r3,5 1. ,7.1 tr, 5 46.9

o -6.29 --,.k 7 1.0 OR.? -. 27 46-.

r5 -- ,.29 ,4.2 ;*?'. ,, ' 46.4

-0 -6.29 r. .16 r1r r, 24 45 .8

-1.5 -6.2 54 .2 .01 r, "5 . Ip 45.9

-2 -6.29 5F 1 .07 o6 I ý19 46.4

-2.5 -6.2`4 54 .2 1 rA -(I9 .4 46.4

-3 -A .29 54 .7 .13 r7 '3 1.32 46.3

-3.5 --6.24 54 .8 1 .09 56 1_.:24 46.1

-4 -6.29 54 .7 .03 55.9 R .38 45.6

-4.5 -6.29 54 1 .29 55.7 1..7 45.9

-5 -6.29 54.1 1.43 56.4 1.39 46.2
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STATION 1 FLOW ADJUST
TOTAL VELOCITY

79.5 __ _ _ _

I.-. 795K __L

W 78'

-- 4-2 0 2 4
X POSITION (IN)

STATION 1 FLOW ADJUST
FLOW ANGLE

45 - _

44.5 i -- _ _ _ _ _ _ _ _

i 44
0A

-6 -4 2 0 2 46
X POSITION (IN)
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STATION 1 FLOW ADJUST
U TURBULENCE INTENSITY

2.8 .

>. 2.6

.2.4

z
uJ ~2.2 ... ...

cc

1.8 ~ -; ----- 1--- - _

-6 -4 -2 0 2 4 8
X POSITION (IN)

STATION 1 FLOW ADJUST
V TURBULENCE INTENSITY

>. 2.8 -

z
w
I- 2.8z

_ ¾Z

u.I ~2.4 •

2.2 -

2J

-8 -4 -2 0 2 4 e
X POSITION (IN)
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RAC% LJF (fTATTA tl I
V,=lorit'y it) M/'E(.:

Onta is from tile follorwillo fi,.-:
5rlfh12o9,1 .41

SI ATION I
X( in in) U-ICRl 1 U J--t Irwld, ( V- reArl V • a1ard UV--Awllae

VEL DFV V, Ior-it., I,•vint.ion M An
-1 -6.29 0 0 0 0

-. 875 --6.29 60.7 1 .21 A0.5 1 .23 44.9

-. 75 --6.214 60.7 1 24 60.6 1 .28 45

-. 625 -A.29 AO.7 1 .22 60.9 1 .17 45

-. 5 -6.29 o,0.6 1 .2- 60.9 1 .23 45.2

-. 375 -6.29 60.5 1 3R 61 1 .17 45.2

-. 25 -6.29 60.3 1.2n A61.1 1.19 45.4

-. 125 6.29 ,0 1 2' 61 1 .27 45.5

0 --6.29 514.7 i 2- 61 I .2 45.6

.125 -6.29 5°':7 1.2 61 1.16 45.6

.25 -6.29 59.6 1.2 60.9 1.2 45.6

.375 -6.29 59.3 1.48 60.9 1.28 45.7

.5 -6.29 59.1 .4R A] 1 .26 45.9

.625 -6.29 59.2 1 .l"- 61 1 38 45.8

.75 -6.29 9;9.3 1.27 <,0.9 1.29 45.8

.875 -6.29 59.4 1 .19 r10-.F 1.25 45.7

1 -6.29 59.5 1 .3 60.7 1J31 45.6

1 .13 -6.29 59.9 1.2q r0.7 1 .28 45.5

1.25 -6.29 59 .0 .. 4 A0.7 I 26 45.4

1.38 -6.29 60. 1 1 .:4 60.6 1.3 45.2

1.5 -6.29 60.1 1 .69 60.6 1 .13 49;.2

1 .62 -6.29 60.3 1.4 60.6 1 .21 45.1

1.75 -6.29 59.9 1 .23 60.6 1 .22 45.3

1.87 -6.29 60.1 1.24 60.6 t.28 45.3

2 --6.29 60 1 .2( 60.7 1 .27 45.3

2.13 -6.29 60.3 1 .14 61.1 1 .21 45.4

2.25 -6.29 60.3 t .1t 61.2 1 .38 45.4

2.37 -6.29 60.4 1.19 61.4 1.25 45.5

2.5 -6.29 60.4 1.18 61.6 1.31 45.6

2.63 -6.29 60.6 1.19 61.3 1.29 45.6

2.75 -6.29 60.5 1.22 #,2 1.32 45.7

2.87 -6.29 60.7 1 .21 62.3 1 .3 45.8

3 --6.29 60.6 1 .2n A2. 11 1. 41 45.8

3.12 -6.29 60.5 1 .32 A2.2 2.29 45.8

3.25 -6.29 60.2 1 .37 62.3 1 .25 4A-,

3.37 -6.29 60.1. l .43 62.3 I .25 46

3.5 -6.29 59.7 1.49 62 1.t1F 46.1

3.62 -6.29 59.4 1.44 61.8 1.21 46.1

3.75 -6.29 59.4 1 .3li 61.6 1 .18 46

3.87 -6.29 59.4 1 .32 61 .4 1.17 46

4 -6.29 59.3 1.2', 61.1 1.2 45.9
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velocity in M4/-
DO ta Is from the folJowti Ya filI.F"

STISUCK .1, 41
STATION I HIGH SUCTION

X(mm) Z( mm) U-Mean U-Standard V-Mean V-Standard tJV-Angle
Velocity Deviation Velocit y Deviation Mean

-25.4 -160 58 1 .35 58.6 1.89 45.3

-22.2 -160 58 1.28 58.r5 2.1 45.3

-19 -160 58.2 1.31 58.8 2.01 45.3

-15.9 -160 58.1 1.38 58.9 2.03 45.4

-12.7 -160 57.9 1.16 59 1.73 45.5

-9.52 -160 57.7 1.17 58.9 2.03 45.6

-6.35 -160 57.6 1.09 59 1.94 45.7

-3.17 -160 57.7 1.13 59.2 2.35 45.7

0 -160 57.1 1 .17 r). I.84 46.1

3.17 -160 57.1 1.17 59.2 2.91 46.1

6.35 -160 57 1.2 59.4 2.29 46.2

9.52 -160 57.2 1.14 59.5 2.38 46.1

12.7 -160 57.1 1.2 59.6 2.15 46.2

15.9 -160 56. 7 1.36 59.5 2.05 46.4

19 -160 56.7 3 .34 59.4 1.93 46.4

22.2 -160 56.6 1.33 59 2.2 46.2

25.4 -160 56.7 1 .32 C9 1.86 46.1

28.6 -160 56-6 1.20 58.7 1.93 46

31.7 -160 56.9 1.24 58.4 2.59 45.8

34.9 -160 56.8 1.16 58.4 2.45 45.8

38.1 -160 57.1 1.13 58.5 2.18 45.7

41.3 -160 57.2 1.19 58.5 2.12 45.6

44.5 -160 57.6 1.04 58.6 2.38 45.5

47.6 -160 57.7 1.08 58.9 2.29 45.6

50.8 -160 57.8 1.01 59.1 2.28 45.6

54 -160 58 1 .04 59.3 2.47 45.6

57.2 -160 58.2 1.11 59.6 2.21 45.7

60.3 -160 58.1 1.08 59.9 1.61 45.9

63.5 -160 58.3 1.15 60 3.01 45.8

66.7 -160 57.9 1.| o 60.1 2.57 46

69.8 -160 57.4 1 .39 60." 2.46 46.4

73 -160 57.4 1 39 60.3 2.08 46.5

76.2 -160 57.1 1.37 60.1 2.72 46.4

79.4 -160 56.8 1 .33 60.2 2.18 46.6

82.6 -160 56.7 1.37 60 3.02 46.6

85.7 -160 56.6 1.2 59.8 2.75 46.6

88.9 -160 56.5 1.17 594. r 2.77 46.5

92.1 -160 56.5 1.16 59.6 1.99 46.5

95.2 -160 56.5 1.12 59.6 2.54 46.5

98.4 -160 56.8 1.2 59.4 2.55 46.3

102 -160 56.9 1.12 59.2 2.89 46.1
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STATION 1
U TURBULENCE INTENSITY

3r

2.5 '--

z -

tu 1.5
z
ul

0 1.5'

PITCH (IN)

STATION I
V TURBULENCE INTENSITY

>-~~ ii, •

z 4..,•-.

22
z 11

,I

-- NO SUCTION - - HIGH SUCTION

0! o0 2 3 4

PITCH (IN)



Velocity it) M/EC
Data Is fro0n thl fo0low ino fi .
ST2A118,1 ,33

STATION 2 SUCTION SIDE
X( in) Z( in) U-Mean U-Standa? d V--Mean V-3tandard IJV-Angle

Velocity Deviation Velocity Deviation Mean

-1.08 -4.79 78.3 3.75 39.1 1.35 26.5
-1.02 -4.79 89.6 2.53 67.4 4.74 36.9
-1.01 -4.79 89 1.61 68 4.53 37.4

-1 -4.79 88.3 1.65 69.2 4 38.1
-. 992 -4.79 87 1.75 69.8 3.76 38.7
-. 979 -4.79 85.2 1.88 70 3.94 39.4
-. 964 -4.79 83.5 1.8 70.9 3.49 40.3
-. 948 -4.79 81.3 1.79 71.5 3.24 41.3

-. 93 -4.79 79.1 1.89 72 1.05 42.3
-. 911 -4.79 76.6 1.72 72.2 2.96 43.3
-. 889 -4.79 75.3 1.78 72.7 2.5Q 44
-. 866 -4.79 73.3 1.57 72.6 2.37 44.7

-. 84 -4.79 71.2 1.54 72.5 2.42 45.5
-. 811 -4.79 69.4 1.6 72.5 2.41 46.3

-. 78 -4.79 67.5 1.52 72.2 1..87 46.9
-. 745 -4.79 66 1.45 72.4 1.74 47.7

-. 707 -4.79 64.2 1.34 71.8 1.66 48.2
-. 665 -4.79 62.8 1.27 71.4 1.48 48.6
-. 619 -4.79 61 1.25 70.7 1.61 49.2
-. 569 -4.79 59.7 1.25 70.4 1.41 49.7
-. 513 -4.79 58.4 1.23 69.8 1.32 50.1
-. 452 -4.79 57.1 1.19 69.1 1.33 50.5
-. 384 -4.79 55.9 1.14 68.9 1.33 50.9

-. 31 -4.79 54.7 1.1 68.4 1.2 51.3

-. 229 -4.79 53.5 1.07 67.7 1.16 51.7

-. 14 -4.79 52.3 1.06 67.3 1.14 52.1

-. 041 -4.79 51.2 1.07 66.7 1.17 52.5

.0672 -4.79 50.1 1.09 65.9 1.16 52.7

.186 -4.79 49 1.03 64.9 1.14 52.9

.317 -4.79 47.9 1.03 63.8 1.19 53.1

.462 -4.79 46.6 1.05 62.4 1.21 53.2

.62 -4.79 45.6 1.13 60.8 1.23 53.1

.795 -4.79 44.4 1.22 58.7 1.24 52.9
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Velocity iii M/SEC
Data is from the followirio files:
ST281209 .1 ,30
STATION 28 PRESSURE SIE

X(in) Z(in) U-Mean U-Standard V-Mfati V-Standnrd IJV-Anqle
Velocity Deviation VeIoci ty Deviat ion M ean

1.72 -4.79 33.9 5.91 22.6 7.21 33.7
1.72 -4.79 31.6 4.22 2.1.5 3.68 34.3
1.72 -4.79 31.3 3.46 20.6 3.62 33.4
1.71 -4.79 34.9 1.95 20.8 2.27 30.7
1.69 -4.79 38 1.89 23.4 1.87 31.6
1.68 -4.79 40.5 1.74 26.2 1.73 32.9
1.67 -4.79 42.3 1.57 28.6 1-74 34.1
1.65 -4.79 43.9 1.42 30.7 1 .48 35
1.63 -4.79 45.2 1.3 32.8 1.51 36
1.61 -4.79 46.1 1.17 34.9 1.56 37.1
1.59 -4.79 47 1.15 36.8 1. 3 38
1.57 -4.79 47.6 1.05 38.5 1.38 39
1.54 -4.79 48.1 1.05 40.1 1.44 39.8
1.51 -4.79 48.5 1.05 41.6 1 .24 40.6
1.48 -4.79 49 .969 43 1.25 41.2
1.45 -4.79 49.3 .98 44.2 1.35 41.9
1.41 -4.79 49.7 .978 45.6 1.21 42.5
1.37 -4.79 50.2 1 4A,.R 1.19 43

1.32 -4.79 50.5 .9f1 48 1.? 43.6
1.27 -4.79 50.7 .948 49.3 1.23 44.2
1.22 -4.79 51 .977 50.6 1.18 44.8
1.16 -4.79 51.4 1 51.8 1.1q 45.3
1.09 -4.79 51.6 1.01 52.9 1.18 45.7

1.03 -4.79 51.9 1.07 54.1 1.29 46.1

.953 -4.79 52.3 1.13 55.2 1.23 46.5

.872 -4.79 52.7 1.32 56.3 1.17 46.9

.782 -4.79 53.2 1.22 57.4 1.25 47.2

.683 -4.79 53.9 1.54 58.7 1.1 47.5

.585 -4.79 54.5 1.69 ('.0 1.2 47.8

.485 -4.79 56.2 2.35 5o.5 .9131 47.1
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STATION 2
TOTAL VELOCITY

120

c01 90 _ -

>- i - -E

LU -> s0-

ww

30
-1.2 -.7 -.2 .3 .8 1.3 1.8

X POSITION (IN)

STATION 2
FLOW ANGLE

70

Lu( 50 i _-_ _

50

30 1
-1.2 -.7 -.2 .3 .8 1.3 1.8

X POSITION (IN)
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STATION 2
U TURBULENCE INTENSITY

20

Is-
z

w .9

-1.2 ..7 -.2 .3 .8 1.3 1.8
X POSITION (IN)

STATION 2
V TURBULENCE INTENSITY

40

30
I-

z

z_ 20 .........-- 4

w
z

10
• --

0 __ _ _ __._:

I 0

f r

-10 L- "

-1.2 -. 7 -. 2 .3 .8 1.3 1.8
X POSITION (IN)
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Velocity in H/_;EC
Dats Is from the followilio Files-
ST7A0126.1 .31
STATION 7A SUCTION SIDE

X( in) Z( il) U-Mean U-Standard V-mpaii V-Standard UV-Angle
Velocity Deviation V Iocit.y DeviAtion .Mpnr

-. 169 -3.2? 41.8 10.6 58 9.3 54.2

-. 164 -3.29 35.7 7.85 60.6 8.14 59.5

-. 16 -3.29 43.6 9.57 60.5 8.3S 54.2

-. 15 -3.29 34.3 4.1 64 R.37 61.8

-. 125 -3.29 36.1 4.07 67.7 8.p 61.9

-. 101 -3.29 37.5 4.05 71.6 9.03 62.4

-. 0837 -3.29 38.5 3.95 73.4 .35 62.3

-. 0642 -3.29 39.8 3.72 76.8 8.75 62.6

-. 0428 -3.29 40.1 3.27 79.4 7.84 63.2

-. 0192 -3.29 40.7 3.17 81.5 5.89 63-5

.0067 -3.29 40.9 2.47 82.7 4.1 6" 7

.0352 -3.29 40.8 2.05 82.9 3.17 63.8

.0667 -3.29 40.5 1.71 82.3 2.66 63.8

.101 -3.29 40.2 1 .45 81.9 1.93 63.9

.139 -3.29 39.8 1.39 81.1 2.16 63.8

.181 -3.29 39.3 1.4 80 2.45 63.9

.227 -3.29 38.9 t.35 79 2.97 63.8

.277 -3.29 38.4 1.24 78.2 1.61 63.9

.333 -3.29 38 1.25 77.2 1.39 63.8

.394 -3.29 37.6 1.54 76.2 1.54 63.7

.461 -3.29 37 1 36 75.2 1.66 63.8

.535 -3.29 36.4 1.36 73-9 1.65 63.8

.617 -3.29 35.9 1.16 72.4 1.74 63.8

.706 -3.29 35.2 1.26 71.7 1.44 63.8

.805 -3.29 34.6 1.33 70.4 1 .3 63.8

.913 -3.29 33.9 1.08 69.2 1.1 63-9

1.03 -3.29 33.2 1.22 67.9 1 . t6 63.9

1.16 -3.29 32.4 1.22 66.3 1.2 64

1.24 -3.29 32 1.25 6S.4 1.18 64

1.34 -3.29 31.4 1.75 64.3 1.21 64

1.44 -3.29 30.7 1.24 63.3 1.24 64.1
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VPloC-ity in M/SFC
DA ta ik from tlie fol tot-)in l rite•.
ST780121 .1,30
ST/•lION 78 PRESSURF WI0F

X( in ) Z( in ) lJ-Ml'n I.J-Stalirdard V-tlM.a,, V--It a,,,a, (I IJV-AIn1g e
Velocity Devnt iorn Ve 1oc) ty evyiAtto,, Hear,

2.42 -3.29 20.1 1.7 .35.4 4.'?9 60.5
2.41 -3.29 23.6 2.68 40.7 8.56 59.9
2.41 -3.29 24.8 1.29 52.2 4.99 64.6

2.4 -3.29 25 .911 53.5 3.06 64.9
2.4 -3.29 25.2 .833 53.9 1 .57 65

2.39 -3.29 25.2 .84 54.1 1 .25 65
2.37 -3.29 25.3 .871 54.2 1.24 65
2.36 -3.29 25.4 .882 54.3 1.22 65
2.34 -3.29 25.5 .94 54.5 1-17 64.9
2.33 -3.29 25.7 .945 54.6 1.31 64.8
2.31 -3.29 25.8 .97 54.9 1.19 64.8
2.28 -3.29 25.9 .992 55.1 1.21 64.8
2.26 -3.29 26.1 1.04 55.4 1.16 64.7
2.23 -3.29 26.2 1.02 55.5 1.17 64.7
2.21 -3.29 26.4 1.01 55 .8 1.22 64 .6
2.17 -3.29 26.6 1.04 56 1.2 64.6
2.14 -3.29 26.8 1.08 56.4 1.14 64.6
2.1 -3.29 27 1.04 56.8 1.15 64.5

2.06 -3.29 27.3 1.07 57. 1 1.21 64.5
2.01 -3.29 27.6 1.13 57.4 1.28 64.A
1.96 -3.29 27.9 1.13 .58 1.2 64.3
1.91 -3.29 28.2 1.1 58.5 1.22 64.3
1.85 -3.29 28.6 1.16 59 1.1'? 64.1
1.78 -3.29 29 1.21 59.7 1.15 64.1
1.71 -3.29 29.3 1.17 60.3 1.31 64.1
1.62 -3.29 29.8 1.17 61.1 1.2.1 64
1.53 -3.29 30.4 1.28 62 1.27 63.9
1.44 -3.29 31 1.22 63 1.21 63.8
1.34 -3.29 31.7 1.26 64.1 1.25 63.7
1.24 -3.29 32.3 1.28 65.2 1.33 63.6
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STATION 7
FLOW ANGLE

40

35 -.

EI 3

25 ------ -

20 -- -- - --.

-.2 .3 .8 1.3 1.8 2.3 2.8
X (IN)

STATION 7
TOTAL VELOCITY

100

80. . . . . .

7 0 L_' -------
60 -_ .

40' .. . .. ..--- - -

-_I ,

-.2 .3 .8 1.3 1.8 2.3 2.8
X (IN)
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STATION 7
U TURBULENCE INTENSITY

30

2 5 ..

I-

z 20 ..

z
w 1"UJ15 -- __ __'_

z
w

I--

S10

0 L. _, .. .. i...i i.. ..
m0

-.2 .3 .8 1.3 1.8 2.3 2.8
X (IN)

STATION 7
V TURBULENCE INTENSITY

25

20 
_

10 -- 15

crc

• I • - : - .. .. .. .1 . ...- - ! _

.3 .8 1.3 1.8 2.3 2.8
X (IN)
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Velocity in M/SEC
Data i. from the followinl fiQe•.
S1SA1202,1 .30

SIATION 15 A SUCTION SIDE
X( in ) Z( il ) U-Mean J-5t.Andai d V- -•Ilii V-Stalldii d WJV--nole

Velocity Deviation Vl ocity DO-via tjo I) Mean
.119 .036 -2.04 .904 24.1 2.66 04 .8
.123 .036 -3.04 4 24.2 6.18 97.2
.129 .036 -3.08 4.15 24.6 6.51 97.1
.138 .036 -3.27 4.55 2F, . f, 0,. r- a7.3
.149 .0"3r -3.4 . 4 . 74 2(. (.. 77 .6,
.162 .036 -3.49 4.q2 27.- 11.2
.175 .036 -3.19 4.9A 27.9 6 .7 96 .5

.19 .036 -3.26 51. 16 -0.2 74 t, .2
.206 .036 -3.48 5.21 32 , g97 ?6.2
.223 .036 -3.8 5.35 34 .7 9.58 96.2
.243 .036 -3.67 5.25 -17.1 R.'9 95.7
.264 .036 -4.01 5.64 40.2 9.04 95-7
.288 .036 -4.13 5.25 44.1 8.48 95.3
.314 .036 -4.1 5.14 47.2 8.06 95
.342 .036 -4.3 5.09 5,t 7.7? 94.8
.374 .036 -4.28 4.51 54.6 7.45 94.5
.408 .036 -4.32 4.59 r,.7 7.21 94.2
.446 .036 -4.31 4.08 6;..R ,.7 93.9
.488 .036 -4 .38 3.49 AA.. 4. 7 93.7
.534 .03.6 -4.41 2.83 69.5 3. 5 03.6
.584 .0,36 -4.22 2. 1?3 70.": 2. 93.4

.64 .036 -3.99 1.73 71.2 1.A4 "3.2
.701 .036 -3.68 1 .36 71.2 1 .48 93
.768 .036 -3.43 1.22 71.1 1.42 q2.;
.842 .036 -3.17 1.18 70.9 1.4 92 .6
.932 .036 -2.86 1.18 70.6 1 .34 92 3
1.03 .036 -2.59 1.17 70.4 1.31 92.1

1.13 .036 -2.3 1.2 70.3 1.28 912'
1.23 .036 -2.11 1 .15 rlo.'1 1 qt7'

1.33 .036 -1.94 1.14 oQ.7 1.2p 91.6
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Velocity in m/SEC
Data is from the followincl fijr:
S1581202,1 ,35
STATION 15B PRESSURE SIDE

X( il) Z(in) U-Mean Ui-Standard V-M--•q, V--StatdAIrd t)V-Ajqplf
Velocity Deviation Velocity Deviation Memn

2.92 .0359 6.05 2.71 19.7 8.31 81.1
2.92 .036 7.54 2.91 54.3 7-26 82.1
2.91 .036 7.79 :3.05 F7.2 6.22 82.2

2.9 .036 8.32 3.13 pO.7 5-81 82.2
2.89 .036 8.42 2.91 62.9 5.43 82.4
2.88 .036 8.51 2.66 65.3 4.74 82.6
2.87 .036 8.7 2.2 A7.R 4.1c 82.7
2.85 .036 8.73 1.8 6p.3 2.95 82.8
2.83 .036 8.72 1.4 70.2 1.96 82.9
2.81 .036 8.67 1.16 70.3 1.61 83
2.79 .036 8.78 1.08 70.2 1.1 82.9
2.77 .036 8.77 1.06 70.1 1.23 82.9
2.75 .036 8.8 1.12 69.7 1.34 82.8
2.72 .036 8.79 1.09 69.5 1.19 82.8
2.69 .036 8.93 1.11 69.3 1.23 82.7
2.66 .036 9.02 1.19 6q.1 1.37 82.6
2.63 .036 9.11 1.23 68.9 1.44 82.5
2.59 .0359 9.27 1.22 68.8 1.21 82.3
2.55 .036 9.41 1.19 68.5 1.41 82.2

2.5 .036 9.48 1.26 60.4 1.33 82.1
2.45 .0359 9.56 1.28 68.4 1.29 82

2.4 .036 9.8 1.26 68.4 1 .24 81.8
2.34 .036 9.88 1.29 68.3 1.27 81.8
2.27 .036 10.1 1.26 68.4 1.32 81.6
2.19 .036 10.1 1 .28 68.2 1.23 81.6
2.11 .036 10.2 1 .27 ,8.q 1 .26 81.5
2.02 .036 10.4 1.23 68.5 1.25 81.4
1.92 .036 10.4 1.21 68.7 1 .35 81.4
1.82 .036 10.3 1.22 68.7 1.341 81.5
1.72 .036 10.4 1.IR (-8.9 .19 81.4
1.62 .036 10.3 1.14 9 1 .16 81 .5
1.52 .016 10.2 1.09 9v- .J 1 15 81.6
1.42 .036 10.2 1.14 0Q.3 1.16 81.6
1.32 .03A 10.1 1.1 1.? 81.7
1.22 .0 If 9.os 1 .7 '. 1 ..4 07 .
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STATION 15
TOTAL VELOCITY

80 "

60 ----- 1
70---- ,5o- --

os

ui 40 -

/ ,
__ 1 . . . . . . . . . . . . . . . . . . . .. ° . . . .

30'

I I

0 0 - _' ... ...

20~

.1 .6 1.1 1.8 2.1 2.6 3.1
X POSITION (IN)

STATION 15
FLOW ANGLE

15

10 ,

lO 6

z 5
00

-10
.1 .6 1.1 1.6 2.1 2.0 3.1

X POSITION (IN)
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STATION 15
U TURBULENCE INTENSITY

200 .. . .

> .1 5 0 . . . . .. . . . . . . .. . . .. . . . . .

z
3 , - I I,

wr
z

I I 3

"i0 so r -

I -l
-50 -- - ---------- - . . .. ..

.1 .8 1.1 1.6 2.1 2.6 3.1
X POSITION (IN)

STATION 15
V TURBULENCE INTENSITY

30

25o { --- __ _

20 _I

z 10 - ___

1. 1.1 1.8 2.1 2._ 3.1

X POSITION (IN)
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Velocity in M/SEC
Data i• from the foJlowita files:
ST181207.l.41
STATION 18

X( in) Z( in) UI-Mean U-ctavnd rd V--HP v n V- t ArfdJa, IJV-Anqle
Velocity Dev I t j o VeIcv t )eviato I t'vnll

-1 .678 3.64 1.17 67.! 1.31 86.9
-. 875 .678 3.66 1.06 67.5 ,1. 86.9

-. 75 .678 3.78 1.09 67.6 1.37 86.8
-. 625 .678 3.82 1.11 67.6 1.rA 86.8

-. 5 .678 4.01 1.16 A7.7 1.43 86.6
-. 375 .678 4.14 1.17 67.8 1.26 86.5

-. 25 .678 4.28 1.25 47.9 1.36 86.4
-. 125 .678 4.68 2.09 67.R 2.56 86.1
.0001 .678 4.64 7.69 3R.1 10 R3.1

.125 .678 -. 398 5.45 24.A 6.5 90.9
.25 .678 -. 0235 5.07 35.6 8.03 90

.375 .678 .95 4.37 C().4 7.21 88.9
.5 .678 1.68 3.3 63.4 5.3 88.5

.625 .678 1.87 1.76 68.1 2 88.4
.75 .678 2.09 1.16 68.3 1.77 88.3

.875 .678 2.38 1.09 6R.2 1.38 88
1 .678 2.81 1.09 68 1.6 87.6

1.12 .678 3.03 1.08 67.9 1.5 87.4
1.25 .678 3.2 1.03 67.7 1.24 87.3
1.38 .678 3.38 1.02 67.6 1.39 87.1

1.5 .678 3.49 1.01 67.6 1.23 87
1.62 .678 3.68 .992 67.6 1.64 86.9
1.75 .678 3.88 .995 67.6 1.61 86.7
1.87 .678 4.1 1.03 67.6 1.38 86.5

2 .678 4.15 1.06 67.6 1.21 86.5
2.12 .678 3.84 1.17 67.6 1.5p 86.7
2.25 .678 3.91 1.22 67.4 1.34 86.7
2.38 .678 4.16 1.19 67.5 1.45 86.5
2.5 .678 4.2 1.13 67.3 1.71 86.4

2.62 .678 4.43 1.18 67.6 1.77 86.3
2.75 .678 4.59 1.16 67.5 1.8 86.1
2.87 .678 5.34 2.57 66.8 3.17 85.4

3 .678 4.67 8.03 31.5 9.13 81.6
3.12 .678 -. 476 5.47 24.1 6.5 91.1
3.25 .678 .436 5.05 38.8 9 89.4
3.38 .678 1.45 3.65 57.3 6.65 88.6
3.5 .678 1.64 1.96 67.4 2.28 88.6

3.62 .678 1.8 1 68.3 1.71 88.5
3.75 .678 2.23 .976 68.6 1.36 88.1
3.87 .678 2.54 1.03 68.6 1.52 87.9

4 .678 2.62 1.1 68.5 1.47 87.8
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Velocity In t -•Fc
D-9t,q Js from t he fol lowi rva f j jr,:

STI8SUCK ,1 .41

SIAbION 18 HIGH sUCr TON
X( mm ) Z( mm) IJ-Mean 1.-SI- ;nd|rd V-tIi .•ir V - . d ,| !Y--nal

Velocity U)O-vift i orf V- I or)-- i t y I'ev ii A t e
-25.4 17.2 3.6 1 .16 -2 At
-22.2 17.2 3.87 1 . 19 qA7..7 2 .6.2 6.7

-19 17.2 3.95 1.26 68 ?.7 ?•86.7
-15.9 17.2 4.08 1..34 68.1 2.82 86.6
-12.7 17.2 4.16 1.49 683 2.92 86.5
-9.52 17.2 4.15 1.47 68 3.17 86.5
-6.35 17.2 4.4 1.47 67.9 3.11 86.3
-3.17 17.2 6.53 3.06 62.7 7.15 84.1

0 17.2 4.69 "•.07 22.7 7"4 79.3
3.17 17.2 -. 5.1F6 4.81 21.4 4r .6
6.35 17.2 1.95 4.318 .1? 9 .06 87.1
9.52 17.2 3.39 3.64 56.5 7.16 86.6
12.7 - 17.2 1.78 1.92 or,7 .-35 88.5
15.9 17.2 1.3 1.26 67.8 2.57 88.9

19 17.2 1.61 .963 67.7 3.62 88.6
22.2 17.2 1.96 .941 68 2.8I 88.3
25.4 17.2 2.19 .954 68 3.29 88.2
28.6 17.2 2.65 1.24 68.3 2.67 87.8
31.7 17.2 2.91 1 .03 68.1 3.4"1 87.6

34.9 17.2 3.27 1.11 68.1 3.3 87.3
38.1 17.2 3.39 1.21 r-8.3 3.04 87.2
41.3 17.2 3.63 1.29 A8.1 3.04 86.9
44.5 17.2 3.77 1.3 67.9 3.78 8s .8
47.6 17.2 3.95 1.38 67.9 3.52 86.7
50.8 17.2 4.02 1.36 67.8 3.3 86.6

54 17.2 3.96 1.33 67.5 3.47 86.6
57.2 17.2 4.03 1.33 A7.5 3.35 86.6
60.3 17.2 3.8 1.22 67 3.77 86.8

63.5 17.2 3.69 1.21 67.1 3.32 86.9
66.7 17.2 3.8 1.18 67.1 2.93 86.8
69.8 17.2 4.36 1.36 67.2 3.13 86.3

73 17.2 7.56 4.11 57.5 8.55 82.5
76.2 17.2 2.96 8.44 21 6.1 82
79.4 17.2 .362 4.56 28.4 7.98 89.3

82.6 17.2 2.3 3.81 46.3 7.31 87.2

85.7 17.2 3.91 3.33 59.9 6.65 86.3

88.9 17.2 1.76 1.89 67.9 3.36 88.5

92.1 17.2 1.58 .1A 68.2 1. 88.7

95.2 17.2 1.8 1.16 68.1 :3.62 88.5

98.4 17.2 2.19 1.19 68.2 3.C8 88.2

102 17.2 2.43 1.14 68.2 2.8 88
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STATION 18
FLOW ANGLE

14

10.

01

LLI

u:1
ou e , H , -

Z ~4 ~

jI 1 -1 +

NO SUCTION - HIGH SUCTION
-21

-1 0 1 2 3 4
X POSITION (IN)

STATION 18
U TURBULENCE INTENSITY

80 r
70,

60

z

z X

Wu 403 0 Z; Z,, 0 1 i •

I DC
20 1

10 _

0 NO SUCTION HIGH SUCTION I
-1 0 1 2 3 4

X POSITION (IN)
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STATION 18
V TURBULENCE INTENSITY

40 0 - NO SUCTION -•- HIGH SUCTION

35 =

30 P
25 ~ i•

26I
-01202

10

-1 0 12 34
X POSITION (IN)
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APPENDIX B. DATA REDUCTION

This Appendix contains the following:

1. All equations used for the calculations in this
document.

2. The output of Vref calculations for the LDV data and
program.

B1. LIST OF EQUATIONS

The following equations were used to reduce all data taken

by the rake probe and the instrumented blade.

For all rake surveys:

cp - T j__ (1)
P T max

Q = PT 12 - Ps 9 (2)

a = 0.0805 + 31.575 P10 -P1 1  (3)
Q

Ps corrected " Ps - (0.412 + 0.1817Q) (4)

where numbered subscripts indicated probe number of the

rake. The a and corrected Ps derivations are described 'n

Appendix C.
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The computation of the displacement thickness comes from

the definition:

6* = ( dy (5)

For the rake probe, the integration interval was taken

from the endwall to pressure port 8 for the north and 12 for

the south, a total of three inches span for each. This

resulted in the following equation for the north endwall:

6* [C * PT max] P d (6)f -C 8 QO - dy

The integration was performed using the trapezoidal

method.

To compute the axial velocity ratio, the definition from

Reference 1 was used:

AVR = CZ 2 dX (7)Cz 1

where cz is the axial velocity at the upstream, (1), and

downstream, (2), locations and s is one blade space, (3 in.).

Because of this definition and since the analysis was done for

the incompressible case, the local velocity and flow angle

measured by the rake probe was used and corrected for by the
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Prandtl total pressure to compensate for the run-to-run

variations. This yielded the following equation:

A ( ( P12 -PS )2 * P Cos(f3 2 ) (AVR = I P PT 1 dx
P 2P) PT2 Cos( 131((P12 -PS ) P )i

where PT is the corresponding Prandtl total pressure and

PS is from Equation (4). This integration was performed by a

summation since the interval was held constant. 9 was

measured with the following equation:

S= •rake + ( (9)

where Srake is the angle the rake probe was mounted in the

tunnel, which was 460 for upstream and 900 for downstream, and

a is from Equation (3).

The instrumented blade pressure coefficients were computed

as follows:

CPPi - P. (10)
(PT - Ps) Prandtl1

where Pi was the instrumented blade pressure tap number.
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B2. Vref COMPUTATION AND PROGRAM

The method for the calculation of Vref came from Elazar

[Ref. 9]. The program was written by Garth V. Hobson.
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u
r~ij Fri' r r rirnti vrmnonutb~I Ff1 F mm1/ I v~

LEAS T SOU'AIIES S117AIGHT LINE U!JilVT=F I I IS USED)
TO DRIERMINE TI;JUI*EL CIIAPAIn trISFiT ir:,c A] 1 1il P~IF V rFI i

NEW113N 5 METO I 10 1 USED V TO tE I EItlltIE m F ~ IF t' 7 ErlLF Vr'I (PVT I 'v

puRSUIN4 bUCRUhD lipr~i n~E51Jl t-il) IIflmirl ri rii 1ii-i

AN)E rnfl.wtNNE A

nxIAL 'JEL. IANGENTIAL VFTL. UIRIREN? tiE55. PLENIUM F!IPErS. r'LEII.JIJI Yptr.
11 FIER SEC. M PER SEC. INI1(lIFS fipr-(:lIvFv TIW'I(:F.c lfnErl DEG. r-

53.8110 52.7380 27.9720 83.7000 ?ea
55.374.0 54.4460 29.9700 17.POOO 21.6667
58.'45/s0 57.1400 29.6000 10-14000 22.2222
60.5060 57.9l20 29.9720 I1.0000 22.2222
6d.4800 6 .1180 29.7500 20000 2
6 .0540 66 -09.7500 'l3

CALCULATED VALUES FOR THlE TUNNEL CONFirIIlrAtlrlN

TOTAL VALOCITY MACH NUMBER tIACII tIL1IFI1rEIRFiN(T:. r~F'F1StUE rAttIo

0.75345340699E#02 0.97783642716E- 01 0. 326-7150'1191E-01t 0.216,4095776 1--
0-Iýl~j74fll 16087199l3JE-000J3191t3F1 0:23Q'666AF9J72 -0J~~ 1 10 ~ 0 1 IEO 0.6'.7050 -0l

0 81#170245218E402 0. 0923665'763E400 0.4529478069E-0 0.2*745L344g2e -01
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CALLIMG LEAST SGIUARE9 SUB17101.1 INE
10 DETERMINE tIIE PrtissURE RnIt 10 S n I-IINI.?01 lfI rII- mr-i tift. rooiAI

PRESSURE RATIO - At If ANIJX 4 A0

MnTRIX EQIUArION

IE0' 04E02n :7- 0.1bE#00 nol 0 244~00p

Al = 0.t'i80I27*7555E40I no 0. pA'7t111I1;3760'F - 7
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30.0550 10.4000 17 .416.4 S II lSUKit'RlFN
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BEGIN NEWTON ITEIIIAT ION
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SEGIN NFWTON ITER"ATION
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VREF 1362. /s9011I9 1969

EXPERIMENT NUMBER RErERENCE VFLOCITY MAI-it

81.450A; 51 1 RSUC rItrN

110



J :1 i~f it ' I :f : ( : 11: Ir 'II''t 1 1,f *fr r: Ir..r~f7(.t:f-t :r. t it tf ,III-ffI -f : If rf -I ,I-Ir I ff11I f I -fil- I r f I f f fIIIfrII- fffff I- tf(;

LF-S ISQ APE S V 11 IPIJ rJ E.iri~ r I'Fff f I 'fI I S f( US 1)

IfLEA 1ErmIt l S -''E I I PAlIF I_ f l IMER)f LJ rf I1YF I T:ý )j fIIII I I, UTF f W

*FRO MU ~E MAL( fPDEI) (113 M NI PIFES"Wi 1W Al) fi -11111 I III 1 111111
PrnESS! IE A~lit) 1 FM!'Fflf)01TiFE

MNPIN D)ETERMININ 111IIJNNEI CM40AlflAI IqE)I 31 r-;
I1)1111M M~E FIILLUIJ rII mrn'ASrEihlE vALUESc-

AXIJAL VEL. TAllflENTYAL S/EL. afltO Eft i rtE;S . rl.FrlufI rlff)-5.Ss. . IVtlrlI tFIr'F.
r-I PER SEEC. Il FIER SEr. I NIl. FS iiFIrf:i II, M. It F S1, t10IAI,11? TIEc, r.

35.'73e0 3e. 59.60 a?.9'?00 14 . '500 16'.1111
':6.81-70 217.0550 27.8900 6.1000 16.666;
'B.7'490 44,48160 29.B700 8.0000 17.P222

56.0220 53.911o 217.1300 10.'41000 j7 F
60.6650 55.0180 29.8900 12.1000 19.3333
66.034.0 57.76s00 29.11900 111.3000 Fl. 31`137,

CALCULATED V'.LUES rOn THE TUNNEL CONI-I rURAT't1 fi'

ITOTAL VALOC I I MACH- NtIJMRFR tincit rI I iif ii l rwi'T I~~ IMEF rl I I'fF' I( 1 I

0.4835931369',E#02 0.63420'487565E-01 0. 13736',2!209E-01 0.1I10'70755920E-01
0: M9310'482E#02 0.7299961093RE-0f 0.1'?8I37- 57-0 0.I5455'9505'ilE-0J
0.25 86- 9s02 0.810 4265TUE-0 026309E0 0.201729833332E-01

5L5 E BEIO22 0.26366tjO7T'E-01 0.25yF22967833E-0
8:88963475"00' 0: I1138906BE' 00 ON -7300/667 - 17 0 30 997'31P-

r~CLLt-111 LEASIT SWUORE? qU~Uei-IJT IE
t0 I)ETERMTN I11 PrESSIII? AtIIU S A lijN(h 111W fir morA:li til). PAPA!

r'TIESSIJUrE FIATIO0 - AT a AnfItX 4 AO

fiItIlIx FOWl I 111W

0.60EI01 0.t",'E'00 W? 0.'IOElpi0
QI.I',EI0QI 0.i?,F-1T1 I'l .is7 -;

Al - 0. 1P9'751T7'CQIIF 4O 01 no I '~0I/' F171F 0 7

Rl-IUFFITNCE CONE) I Ii liNs roll FAch OImN
nmy I EN! I 'RESSUMi r'l UNLIM M'ESFUIIE P'LN~UtI fI FIII'I I)"I U!fII- IIIIl11ff fVil

I NLI IFS MERCURY IlICH-ES WAILIR ITF1IITFES I:FI !~'311'

30.0500 12.1000 P3.3100 SIlt~f.II
29.7600 11.17000 17. 77'7R I 11`1 WO 7.IIf

F11-E3SUtl PTI 0.0 40011 MACI!lIIlnr PAPA3MF~r fllpm-i - 0.3r1'zf1F 0I
h-UN AM Iil lSTtAt209.P N

BEGIN NFWTON IIETATII)N

11 EllA TI N UNMI BER I mAmcit tin rnini oAlAl - 0.0 m1 Fio 1)111It FilI 0 . 787-7E- 03

VOE 0 9n2. MA[.1263','.-l

RAI!00 0I IAI NITBE 'RlIFIP 030W

BEGIN NEEJION ITERATIM1

TRAI 1I IM~l MA~l MOI. PrAini. -0.107q,?e 111111111I 1 -1111I 0.39 ;2E-03
ACII t). T~l. - .1 06'?I I- 114110 IL FIlM 01

t~~IlpI8 NIIUElA AU tt 00 11. 0. 1061,'9;1 IIJ 1 0 Ef!J 7E lEM .En A~' Inti.TA I

VREF = Bt.513'057e206E

ExrERIMENT NUMBIER nEFERENCE VFITICITY NAftF

SI 1 A 1209. I'IhI
iTfIPP



CC
U m~unm011 IQ Tt jimmlT~',F 1ITF IT~h),T1Ih T! imlilli r (,I, fil, ' II,, (II fill ~ c:

C A) SIP0ATOII LINE IS FIT lCD IppT)ti~~Ini t~r rmFTrNI7F:IF rnI'IIl I rIrNT' (W -
U IIF 1111NNEL OT I)IFFETIENT cr'FFP~c.C

L I TIE P'EFERFtCUE VELOC ITY IS ITIT*.N 08! I NED. [II NEWTN ' s I TT titrl) * C
C D)ErFNV IN!; ON THE TUNNEL, PLENI1) nrc;lFSITI AfJI) I ~PPIICc
L C

PRWGOAM CALI RATE
IMPLICIT rT~ALw9(A-I4,O-7,
PARIEE fNP=6)

VA(NP) VT (NP) UPAlI) r'P(Nfl IPIC'

C PRINT RtmMERp

L Vg-= AX J MIL VELI CLI I Y9 11LIVSUNEU Usv t DY~ (11,1s
VT= TAIEN I~ VEIOCTTV EAIIIr)ET fly IDvy (MI-S)

G PA A FJNT IHSSURE INTCHES, ITIFTICURY)
_~EWI gTA&TT) ?Fr'PAIE IbIIES WnlEn)

C

TTEAV( tI E 1O5 IVA I.II iA I V PTI IrIN I

CONIl'I EC 0v

I o rI: r 1 1 nl ('Ix rg.8.1,7X rR.', FIX rn.el . 7Xrl.1-1.0 7v f.1

UALC VTO , X , (IN1IX (itit Pn

510 rEU MAT / XC~IL~TDVLJ9rO -I4F TNNEL. f~tifIF ICGUI7A) lt) ON

4 Y;~~~v ,6x MAEif NUrETT,'1, 1*19.7Xf. ' mAiI I N wfl- III r TII .i-I-x .

DO U 1=1 NP
Ot I ) DSgRT (VA(1I) *OFIVT ( 1 %2)

x (t) vq I~ O( I )/VSORT (E?. VkCPPflI( I ()+272. 16VO))
ANIJXCI )=CGAMMA/(iMl)'CXCI )4*2)#CI .0 -(Xe I "12) )W I .)OI/ (rilII

Tl=.~ (F1H0HGvPACni /(RlfUlklT'T'CN ) 4I ITICI IINJO'A( I)
WNIRT-lv~i ) Vut(I I ANLIXI I ) riNI I

WRIT (CI 101)VI(ITCit ,,X (1 ,nNLIX (ii r*i'(l)
2 CON T INUE

101 F ORMA t(11 DPO. ItI

C CALL THE LIAST SQUARES SUBROUTIlIF. 10 r IT n STI"n] GI-f I I- I frIF )IIT11)JI)f; T14

Lq DAJAI X-AX IS = Pil, Y-AXIS A NUX (TIACII MO1. PORAM'FIERp)

WRT1920)
520 Fy MAT U lox'CALLING LEAST SOUATTIES SUIRIlIT INE, ./IX.

1k D 4~M~I T PRESSURE PAT U AS A FIJNC TON nr IActi mtil. rAiTmm

C /xIIq X, 5M PSSRE RA TI U Al t a 0111X A0'//

CALL LEAtSTgptIJRF.(NF',rTT.ANIIx,A0.AI)

530 ~TMp/' IaV10nI eiMA 110.12 11 A)P ~l no I);,0'.1I//

READ IN REFERENCE COND I t I UN

179 115 OfFERFN E CONDITIONS FUICT EACII PUN'/
I X, ,B~ RE SURE rOLEfL NUN PTF.SS0IRE PLF NUM I EI-lf'F ITIh I I Ofr

TIIE NUMBER OF EXPERIMENTS

READCIIt 197 INE
199 FOTIMTRMVX. I)

E T1IE RE~r!ENCE CONDI 1I1U1,19
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Ili X I-F F-S , 1 / .;ll)? I~ I7~ ?o111F:t', 1vr rII 11;t"q 1
Iux, Il 'F t I FI.. 1 1:IM F -I FI'E1 CF ItIFAI Fr F F P IF PrF'

JEI. (~tI S IIL I ?I 1 ]', LIS 1)1 Dr I Em FL 'I I r FI I r I it:IhL I il
115.1 rl, HIUT I I IIE RU:CIFIVFFLF ) (I-l~F.FiEF (I rrl~~, IFr P[FF l Ip r I IL_ rrIi
ifI 5 Y nr c~ II? tl )V 1-F'FF ?t- ofF ifI IIi ,I ii

INI 7r nFAF 17FFAp Fif~IFF y MIF) l-J13FI r'I?fFFFFF IF
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(SI F-( I . '-* P
GI 1),111( =II( . I4 1 )01

L 111'r 1 P I)F, Ir rmI I r,11; F I pi-IFIF 'I MiiFAFFF r n I3 IF'i
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113X , 'X EM VEL. I OriGV W I IA 'IFk~ I ori AIFptIFFT vrilr-.,
I X, 'PI EINJIVI'Ir'.FFU lvi~p.

-1JX PU -'P I iIFR 'FFNlF-~FFIFil

c I~rAI, IE I)Afi FINFc:'

FFEF) , 00Fr'FI I F,F'FFF(IF I Ir'l 11`11 (11 1I
WIFJ FE F I F'F(I F'F1 I gool'I i Ml *ItA- F t I

E'Is0 if(~FA~' TFE ' '

(INI INUE AO*AFw'iI

Po JF I r FEI-I,(;?(Ix 0 lo IP FF IF .FFIL" I I x ~ FF . mIF

Fl'- no- I M Ili) 113 w IFF2I*F f1.1. 1101111i IFFIFF'I F'II FI FAIFF i 1 IF 'n i I ' I

WTI * 1 I I E "1F!- ) AI' 1 F1 A M 11

C FIEWFtillN FIFIIF1 1FF0 61 ( I I EFF 11FF:I ( )FI ' II ,1F mflol it:F III tFF

C -,I c;3 FIj I I I AL Vt~l 1FF IlFF 'OF r - V 101FF(I

f I.III I EE 960 )
WTI IE(E1 ';60)

5601 F fJFIFnt T OX , 13EG31I J 1,11W 1111` F FF1 FF11 Fn fi

Ilu JN F =I

Xrl-VnE.F ( I 1001 ~.EuPKFt'l )* 3 4'l
I000 r -=(131GA MA /(3M I F 'I F I11w P WR I VFl .)- FXIFW vE F KUFI -'Oi (F;FI I t M11F.1 yF F)1

1)r Fx= ( M11141A/GE13 PF) FWFFF.)) FXI~wiF FI*0 'lF

F Flu1-1-F / OF FIX
c 1 f: 7 R II Z

FEII FI 17)IUUrF I I'WiF I I E (1~ 7)IUNI ~' F1
5'70 rIFIA (ym t A 'IIE I II)NA I'lUFI] r F? I P tFIAf:Fi Fill. rAFFFFi*Ft1i,

ULI~1F =FJ FIAT L) I0 1131) FFI1 7",'7
IFIAFF fIFOM) f1. 1I.)It

F V(AENI .1 F. ntF F1II.I)AR'IFIFI FFI .131.1 .1I OFF Y

799~ V~FjIlIA IF FFFN' FI Ill'?rtll I~

t- 130 miJFrin I f xrVU PO". IF/F
as C c NII NUFI
S FPRINT riNAL- FIE~SUIF
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Synpn F 9 $T (8X, 12,I16X ,re. ',,lox I.nj)

CC
C A LEAST SoUAREs CURVE Fri Fan A Smnolrilu HIF liiwoui#;,i utuiSY
C DATA C
c C
L ALGURI TIIM TInKEN rnoM! NUMER ICnL NF IIIUIS RL~eBjfR I.U. lI1!inufIPEC- C
C PAGES 122 - 130, t'JIJANIU11. 11777L

C ------------------- - - -----------------------
SUBROUTINE LEASTSQUARE(N,xFx,A0,0I)
IMPLI(q T REALmB(A-H 0- )

C DIME ION (2UIEFF(2,2JR1qP. X (11)fEx (N'

C SET UP COEFFICIENT MATRIX AUND n113111 HAMIDI SIDE.
C

C UEFF (2,2) =0.DO

DO I I= N

C UEFF U,)=C0EFF(I.2) Xn

P'RINT MATRIX EOUATION

110 FORM t/ X,'MAIRIX EQ)UATIIJN',/)
DO 311

WRI TE'lv 102)ICOIEFF(I .1 -12 11PhlI
WRIT ( ,1002) (COEFF(CJ1 ,i.=,! - fH3

c GAUSS ELIMINATION

ETERM=C0EFF (1,1) /C0EFF (2, 1)

C CUEFF(2 2 )=cuErrte 2)-cUEFF( 1,2) VIFUMt-

RHS(2)=H (21RIIt i'TERM
C

C RE:URN
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APPENDIX C. PROBE CALIBRATION

This Appendix contains the following:

1. Yaw probe calibration and plot.

2. Static probe correction.

C1. YAW PROBE CALIBRATION

The calibration of the yaw probe, pressure ports 10 and

11, located at the midspan of the rake probe was accomplished

by mounting it in a free jet and subjecting it to three

different dynamic pressures. The range of dynamic pressure

was 12.2 in. H2 0, 14.1 in. H2 0 and 16 in. H20. The probe was

yawed from -50 to +50 in one degree increments. A line was

fitted to the data for each test and finally an average

equation was fitted. It was noticed that the variation of

(P1o-P11) was not the same for positive and negative incidence

due to manufacture imperfection. The uncertainty in the probe

calibration was calculated to be 0.50 The average equation

is found in Appendix B.

The data are presented on the following pages and followed by

the plot of the data with each equation.

C2. STATIC PROBE CORRECTION

The static probe displayed a deviation of 1.98 in.
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H20 for the first calibration run and 2.34 in. H20 for the

other two runs. Therefore, a line was fitted to correct the

rake-measured static pressure for the tunnel velocity

variations. The Reynolds number referenced to the probe

diameter was between 6000 and 7000, therefore, Reynolds number

effect was considered to be negligible. The correction

equation is found in Appendix B.
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RAKE PROBE CALIBRATION 10/16/92

PA= 29.99 IN Hg Tt=112 F
REFERENCE PA=49.9 IN H20 0=12.2 IN H20

PROBE PROBE PROBE PROBE

ALPHA PT (P9) (PlO) (P1l) (P12) ATMOS

-5 37.7 47.7 38.6 40.3 37.7 49.9
-4 37.7 47.75 3"7 40.15 37.7 49.9
-3 37.7 47.85 38.95 39.9 37.7 49.9
-2 37.7 47.9 39.05 39.7 37.7 49.9

-1 37.7 47.9 39.25 39.45 37.7 49.9
0 37.7 47.9 39.3 39.3 37.7 49.9

1 37.7 47.9 39.35 39.15 37.7 49.9
2 37.7 48.1 39.5 39 37.7 49.9
3 37.7 48.2 39.8 38.9 37.7 49.9
4 37.7 48.2 39.9 38.8 37.7 49.9
5 37.7 48.2 40.1 38.65 37.7 49.9

0=14.1 IN 1120

PROBE PROBE PROBE PROBE
ALPHA PT (P9) (PlO) (Pl1) (P12) ATMOS

-5 35.8 47.35 36.9 38.9 35.8 49.9
-4 35.8 47.4 37.05 38.65 35.8 49.9
-3 35.8 47.5 37.25 38.4 35.8 49.9
-2 35.8 47.55 37.45 38.15 35.8 49.9
-1 35.8 47.6 37.65 37.9 35.8 49.9

0 35.8 47.6 37.7 37.7 35.8 49.9
1 35.8 47.6 37.7 37.5 35.8 49.9
2 35.8 47.85 38.1 37.4 35.8 49.9

3 35.8 47.7 38.35 37.2 35.8 49.9
4 35.8 47.85 38.6 37.05 35.8 49.9
5 35.8 47.7 38.8 36.95 35.8 49.9

0=16 IN H20

PROBE PROBE PROBE PROBE
ALPHA PT (P9) (PlO) (Pl) (P12) ATMOS

-5 33.9 47.5 35.2 37.35 33.9 49.9
-4 33.9 47.6 35.3 37 33.9 49.9

-3 33.9 47.7 35.55 36.75 33.9 49.9

-2 33.9 47.7 35.7 36.5 33.9 49.9

-1 33.9 47.7 35.9 36.15 33.9 49.9

0 33.9 47.7 36 36 33.9 49.9

1 33.9 47.7 36.2 35.7 33.9 49.9

2 33.9 47.6 36.45 35.55 33.9 49.9

3 33.9 47.6 36.8 35.4 33.9 49.9

4 33.9 47.55 37 35.2 33.9 49.9

5 33.9 47.5 37.3 35.2 33.9 49.9
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APPENDIX D. ENGINEERING DRAWINGS

This Appendix contains all detailed drawings cited in the

body of this document. The, :ire uisplayed in the following

order:

1. Inlet guide vanes

2. Suction slot

3. Suction slot adjustable mounting brackets

4. Porous baffle

5. Suction manifold cross section

6. Rake probe plan view

7. Rake probe spanwise dimensions
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